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1. INTRODUCTION 


Weather and climate include numerous factors, such as temperature, precipitation, 
length. of day, radiation, etc., many of which are intercorrelated. Generally climate 
types are described and defined as functions of both thermic and pluviometric 
properties, as for instance by KöÖPPEN, THORNTHWAITE and HUNTINGTON. These types 
have been successfully used in some sectors of agriculture. 

It would not be adequate, however, to use one and the same climate criterion for 
objects which differ fundamentally with regard to limiting climatic factors. For in- 
stance agriculture is generally dependent on rainfall, but fishery is not. Vegetable 
crops are highly sensitive to the right amount of water. However, various species are 
grown successfully where rainfall is insufficient, if water is supplied by irrigation or 
sprinkling. Like soil tillering, manuring and spraying, control of water supply in such 
places may be looked upon as conditio sine qua non. It follows that precipitation need 
not necessarily be a primary climatic factor in relation to ecological studies on 
vegetables. 

Surely there are places where vegetables are grown by natural water supply only. 
Whether this would be possible or not for a certain place, depends on factors such as 
rainfall, temperatures, radiation, wind, humidity, etc. Research in this direction may 
be attacked along lines promoted by PENMAN and others. In the following pages, 
however, we will consider water as provided for. 

Temperature of course is an important factor, which influences not only the 
growth of plants, but in many cases also controls the transition from one stage to 
another. The process of vernalization is one example. Since the publication of 
GARNER and ALLARD in 1920 it has become clear that some processes are directed by 
the length of day (or night). It was soon found, however, that for various plants 
certain critical day lengths are dependent on the temperature, so that the factors day 
length and temperature should be considered ín combination. Eventually it has ap- 
peared that for various important vegetables from the genera Beta, Spinacia, Allium, 
and some varieties of Daucus carota there is an interrelation of temperature, day 
length and stage of development (WENT, WHYTE). 
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Therefore we will endeavour to find a form in which the photothermal climate may 
be expressed. The same form should be appropriate to express the limits of photo- 
thermal conditions which will effect certain physiologic processes in plants. In this 
paper this will be worked out to some extent for one certain phenomenon, viz. the 
transition from the vegetative stage to the generative stage (and vice versa) of Beta 
vulgaris. 


2. PHOTOTHERMOGRAPHS 


The relation between temperature and length of day has been represented by 
rectangular coordinates. To express the photothermal climate of a place, we have 
entered twelve dots, one for each month, and having for coordinates: the average 
day length and the average normal temperature. The months are indicated by num- 
bers. The connection of the dots by straight lines or a closed curve yields a figure 
which we will call a climate-photothermograph. In figure 1 we have drawn the climate- 
photothermographs for Paramaribo (Suriname 6°N), Cairo (Egypt, 30°N), Perpignan 
(France, 42° 42’ N), De Bilt (Netherlands, 52° 07’ N), Oslo (Norway, 59° 55’ N) and 
finally for Novgorod-Seversk (in the North of the Ukraina, 52° Ol’ N). Average 

lengths of day have been derived 
Length of day, hours from a table from the Royal 
Netherlands Meteorological In- 
stitute at De Bilt (see: BANGA, 3). 
Average monthly temperatures 
are read from KöpPPeN's Hand- 
buch, but for De Bilt, for which 
the averages from 1921/1950 have 
been used, as published by the 
Royal Netherlands Meteorologi- 
cal Institute, and for Novgorod- 
Seversk, for which temperatures 
have been derived from NUTTON- 
SON. 

The climate-photothermo- 
graphs of course differ consider- 
ably. Novgorod-Seversk has the 
same latitude, and therefore the 
same day lengths as De Bilt, but 
it has a pronounced continental 
climate. The nearly constant char- 
acter of the equatorial climate of 
Paramaribo is evident. 

THE MONTHS ARE In figure 1 we have applied the 
INDICATED TBN In CAVOrA Ee NORT values of the 
temperature. If there is reason to 


FIG. 1. CLIMATE-PHOTOTHERMOGRAPHS oF six DirrerEnT _ Pelieve that either night or day 
PLACES temperatures, or their amplitudo, 


Average monthly temperature 
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are explicitly responsible for a certain reaction, it might be useful to draw two additional 
curves, using average night temperature and daytime temperature as ordinates. 
Within one climate type the average monthly temperatures for day-time, night and 
natural day are highly correlated, so that it would not make much difference in result 
if, for instance, in a certain case average temperatures would be applied. If various 
climates are to be compared, however, the possible divergencies in daily amplitudo 
of the temperature should be kept in mind. 

In the same way it is possible to construct a weather-photothermograph, based on 
the temperatures during a certain year or growing period, or for temperatures and 
photoperiods in a glasshouse. If conditions are kept constant for some time, the 
photothermograph appears as one single dot; in this case the length of the period 
during which these conditions were prevailing, should be indicated by a number. 

Thus the photothermic conditions under which a plant has grown, or is expected to 
grow in a certain place, can be conveniently recorded. 


3. PHOTOTHERMOGRAPHS FOR CRITICAL CONDITIONS 


In this paper we shall apply climate-photothermographs to predict whether in a 
certain place Beta vulgaris can be grown to produce fleshy roots without premature 
bolting, ie. before it becomes generative; or whether seed production will be pro- 
mising. Therefore it is necessary to find out what combinations of photoperiod and 
temperature are critic values for beet crops to become generative. There is much 
literature available on this subject, from which we will only use those papers neces- 
sary to demonstrate the method. 

CHROBOCZEK (5, see also BANGA, 2) has made extensive research using a strain of 
the Crosby variety of table beet. STEINBERG and GARNER (see BANGA, 2) experimented 
with sugar beets. Both have investigated under what combinations of photoperiod 
and temperature a vegetative beet plant will be induced to form a seed-stalk and vice 
versa. The transition from vegetative growth to generative growth of beet plants 
appears to be reversible in all developmental stages of the plant, depending on 
temperature and day length. Under the influence of relatively low temperatures and 
long photoperiods the equilibrium shifts in the direction of generative growth, and 
under relatively high temperatures combined with rather short days it shifts in the 
direction of vegetative growth. Table 1 summarizes their results and shows whether 
plants remained vegetative or appeared to have become generative under certain 
photothermic conditions. 

The results in table 1 have been entered in the photothermographic chart in figure 
2, which has the same coordinate-axes as figure 1. Each combination of temperature 
and day length appears as a dot. 

Now we want to draw a borderline between the region in the graph which contains 
the flower-inducing photothermal conditions and the region of the conditions under 
which the plants remain vegetative or are devernalized. It is quite clear that table beet 
and sugar beet may have different borderlines. It is known that, if stored in the dark, 
lifted beet roots are vernalized at temperatures below 10°C, whereas higher tempera- 
tures will devernalize the roots. Therefore 10 °C in zero hours of light may be considered 
a point in the borderline for both kinds. With continuous illumination all growing 
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TABLE 1. DEPENDING ON THE PHOTOTHERMIC CONDITIONS, A BEET PLANT WILL DEVELOP EITHER 
VEGETATIVELY (VEG.) OR GENERATIVELY (GEN.) 


CHROBOZCEK: Crosby table beet 


Average length of day 


Average temperature 


103 hours 15 hours 
DAESCUME ve SAE EN veg. veg. 
ISEEN ee tat eland veg. neutral or slightly veg. 
13he Emer s, Hoede kl rde gen. gen. 


STEINBERG and GARNER, Sugar beet 


Average length of day 
Average temperature 
| 15 hours 18 hours 24 hours 
ZARO 5 vel arte ree Vn veg. veg. gen. (39) 
PSC Nee Eee veg. gen. (66) *) gen. (46) 
VOGEL EN EDA, veg. gen. (65) gen. (65) 


1) Number of days from germination till the beginning of flowering. 


Length of day (photoperiod), hours 
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Temperature 


CONDITIONS RESULTING IN: 
FLOWERING NON-FLOWERING 


® CHROBOCZEK'S DATA (©) 
CROSBY TABLE-BEET 


VERNALIZATION 


A _STEINBERG& GARNERS DATA A 
SUGARBEET 


Fig. 2. PHOTOTHERMOGRAPH TO INDICATE EXPERIMENTAL RESULTS 


temperatures studied so far appear to result in flowering. Under these conditions 
two lines have been drawn in figure 2. When we speak of a “line”, this should not be 
taken literally. If a group of plants is grown under just slightly flower-inducing condi- 
tions only a few individuals may develop seed stalks. Under normal conditions in the 
first year of development, when the fleshy root is growing, there are generally a few 
bolting plants, whereas in seed crops of Befa vulgaris a number of plants usually 
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remain vegetative. A stronger or longer vernalization would be required to induce 
the latter individuals to bear seed. So it is clear that each plant has an individual 
“borderline”: for the non-bolters the line lies lower, for the premature bolters higher 
than the line as entered in the graph. Therefore it would be better to replace the ex- 
pression “borderline” by “neutral zone”, if such individual divergencies occur or are 


to be expected. 

In figure 3 we have entered the neutral zone of 
CHROBOCZEK’s Crosby table beet in the ‘climate- 
photothermograph of Ithaca, N.Y. (U.S.A), where 
CHROBOCZEK performed his investigations. From 
BOSWELL we know that the earliest sowing date for 
table beet is, as a rule, from 3 to 4 weeks before the 
average date of the last killing frost in spring. Ac- 
cording to the Atlas of American Agriculture the last 
spring frost might be expected in Ithaca in the middle 
of May and so the earliest date of sowing would fall 
in the second half of April. From the graph we read 
that these plants would grow under vernalizing con- 
ditions during the first 5 or 6 weeks. This seems not 
to be enough for the bulk of the crop to start bolting. 
From various investigations it appears that for com- 
plete flowering Beta vulgaris needs a vernalization 
period of 14 to 2 months or even longer, depending 
on the strength of the vernalization and the variety. 
Besides we know from CHROBOCZEK’s data that young 
seedlings are slower in vernalizing than older plants. 
Therefore we might conclude that the Crosby which 
CHROBOCZEK used in his experiments in Ithaca might 
safely be grown there in the open. 

It is clear that this same seed would not be quite 


Length of day, hours 
On Or italSl 45e G 


Average monthly temperature 
le) 


een 


Fie. 3. 


CLIMATE-PHOTOTHERMOGRAPH _ OF 
ITHACA, N.Y., WITH THE NEUTRAL 
ZONE FOR VERNALIZATION FOR 
CROSBY TABLE BEET, ACCORDING 
TO CHROBOCZEK'S DATA 


ie) 


suitable for beet production in Holland: the climate 

photothermograph of De Bilt (Netherlands) remains below the neutral zone during 
all months and consequently in most years the bulk of the crop would bolt in the first 
year. Dutch selections of this variety, however, are sown in Holland in the second 
half of May or in June; apparently their neutral zone has been lowered. 

From investigations of RussEL T. JOHNSON and of N. A. NEGOVSKIIL it appears 
possible within a few generations to reduce appreciably the percentage of premature 
bolters in a variety. Lowering the percentage of bolters, i.e. relatively increasing the 
percentage of individuals with a low neutral line for vernalization, stimulates the 
vegetative growth and tends to increase production. There are, however, certain 
limits to the adaptation. TERRA mentions that Dutch varieties of table beet are success- 
fully grown in Indonesia, in a tropical climate, but they never go to seed. This is quite 
clear: the photoperiod of about 12 hours is nearly constant, and the temperature is 
nearly constant as well, varying from 19 to 26°C, depending on the altitude. These 
photothermic conditions are too far above the critical zone for Beta vulgaris. 
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4. DEDUCTION OF NEUTRAL ZONES FROM SOWING DATES 


Along empirical lines it is possible to estimate the position of neutral zones for 
varieties adapted to certain countries. We will work this out for varieties of Beta vul- 
garis under the conditions in Holland. 

For seed-production beets are sown here at the end of May. In the first year the 
plants remain vegetative. Vernalization starts on the field when the temperature drops 
below about 10°C, that is generally from the end of October, and is continued during 
winter, when the beets are stored in pits at relative low temperatures, preferably at 
about 5°C. From experiments conducted by GAASTRA and SCHOOREL it appears that 
the temperature in the pit should preferably drop below 8°C from the beginning of 
the storing process, so as to give highest seed production. The beets are planted again 
around the first of April, after which the seed stalks appear in June and seed is 
harvested in August. Devernalizing conditions for more than 4 weeks during April 
and May would not fail to undo much of the vernalizing effect, especially for individuals 
that are difficult to vernalize. Therefore the neutral zone is expected to begin covering 
the climate-photothermograph not before the point indicating the beginning of May. 

Sowing dates for beet production seem to give more exact information. Sugar beets 
are sown as early as possible, in order to obtain a good leaf production during the 
long days, which increases the sugar production. The varieties, which are highly 
resistant against premature bolting under the climate of Holland, are sown from the 
middle of March. Sowing in the beginning of March generally results in too high a 
percentage of premature bolters. As a vernalization period of two months must be 
considered prohibitive, even for these varieties, the neutral zone must be expected to 
cross the climate-photothermograph in the first half of May. Sugar beet varieties, 
which are less resistant against premature bolting and early table beets are sown in 
April. If early table beets are sown under glass in March, the glass is normally lifted in 

Length vof day, hours April. Summer varieties of table beets are 
8 Ke) 12 14 16 sown at the end of May or early in June; 
the neutral zone must not cross the climate- 
photothermograph after the middle of 
June. 

From these deductions we have estimated 
the borderlines for vernalization for Beta 
vulgaris varieties in the Netherlands as 
shown in figure 4, together with the climate- 
photothermographs of two places, Gronin- 
gen and Flushing, in the North and the 
South of the country. 


Average monthly temperature 


* GRONINGEN Ee 
* FLUSHING The position of the neutral zone for the 


late summer varieties of table beets appears 
to be about 2° C lower as for Crosby in 
Ithaca in figure 3. This must be considered 
as the result of local selection within the 


Fig. 4. 
CLIMATE-PHOTOTHERMOGRAPHS FOR GRONINGEN 
AND FLUSHING, WITH AN ESTIMATION OF THE 6 
NEUTRAL LINES FOR VERNALIZATION, FOR LATE _ Värlety. 

AND EARLY TABLE BEET AND SUGAR BEET It seems justified to generalise that the 
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indigenous varieties of biennial Lensth of day, hours 
forms of beets must be in accor- 
dance with the climate of the 
country. The conditions will 
establish an equilibrium between 
early bolters and non-bolters. 
The latter group, i.e. plants for 
which vernalization has not been 
enough to induce flowering or 
which are devernalized again in 
late spring, do not go to seed. 
Early bolters will have no time to 
develop and therefore will remain 
small and bear only small 
amounts of seed. 


Average monthly temperature 


5. EXTREME CLIMATES UNDER 
WHICH SUGAR BEET IS GROWN 


In figure 5 we have brought 
together the climate-photother- 
mographs of some places which 
represent the most northern or 
southern regions of the northern 
hemisphere where sugar beet is 
planted, according to KLAGES. 
The surroundings of Bologna in 
Italy and Dodge City in Kansas 
have about the warmest climates in Europe and the United States. The sugar beet area 
north of Ankara, Turkey, has about the same photothermograph as these two. The 
coldest sugar regions of Europe are in England, of which Hull may be looked upon 
as a representative, and in Sweden, with Göteborg as a criterion. During the growing 
season both climates are colder than Groningen (Fig. 4). The North of the United 
States, Grand Forks in N. Dakota, is much warmer in summer, but April and 
October have the same or lower temperatures than Hull and Göteborg. 


Fie. 5. CLIMATE-PHOTOTHERMOGRAPHS OF: 


Dodge City, Kansas, U.S.A. 38 °N. 
Bologna, Italy, 45 °N. 

Grand Forks, N. Dak. U.S.A.,43° N. 
: Göteborg, Sweden, 58 °N. 

Hull, England, 54°N. 


HOO 


6. DISCUSSION 


In the foregoing pages we have applied a graph to indicate the climate of a place (or 
the weather conditions during a period) as far as the course of the factors length of 
day and temperature are involved. In addition we gave a conception of a matching 
graph to indicate a physiological property of a plant, in the present case the working 
of both factors on the transition from the vegetative to the generative stage of Beta 
vulgaris. We have not mentioned all research work published on this subject, as we 
are concerned with the method only. But as far as we can judge there are no results 
contrary to our interpretation. Many of the basic remarks are relevant to a large 
group of biennials (WENT). 
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If for other plant species the photothermic conditions under which the plant goes 
into flowering are more complicated, it might be necessary to find more than one 
critical reaction line, for instance one as a borderline for vernalizing conditions and 
another as a critical line for conditions effecting the vernalization so far reached. 

It should be possible to find out under what photothermic conditions an optimal 
development will take place. If in addition a series of lines could be projected, each 
standing for a certain intensity of photothermic reaction, then the method would 
contribute greatly to estimating the productivity of a crop under certain climatic 
conditions. 


SUMMARY 


If water is supplied artificially, vegetables can be grown in various countries where 
rainfall is insufficient. Therefore precipitation need not necessarily be a primary cli- 
matic factor in relation to ecological studies in vegetable varieties. Most important 
climatic factors are day length and temperature, which control the growth and life 
cycle of many important species. A “photothermograph” has been designed to 
express a climate, or the weather conditions during a certain period, as far as the 
last two factors are concerned. Similarly the dependence of the growth and life cycle 
of a plant on the photothermic factors may be expressed. This has been worked out 
for a not too complicated problem: the transition from the vegetative to the generative 
stage, and vice versa, of some varieties of red table beet and sugar beet. For a few 
varieties the borderlines were found between the photothermic conditions which 
have a vernalizing effect, and those which result in devernalizing. A comparison of 
these borderlines with the climate photothermographs of some places gives rise to 
various considerations. It has been shown that this method, if worked out further, 
may probably contribute to predicting the productivity of a variety in a certain region. 


SAMENVATTING 


Fotothermogrammen als hulpmiddel voor klimaatstudies 
in verband met de ecologie van groenterassen 


Kunstmatige watervoorziening maakt groenteteelt mogelijk in verschillende ge- 
bieden, waar de regenval onvoldoende is. Daarom behoeft aan neerslag niet nood- 
zakelijkerwijs een primaire betekenis toegekend te worden, wanneer het gaat om een 
ecologische studie van groenterassen. Van grote betekenis daarentegen zijn de factoren 
daglengte en temperatuur, die tezamen de groei en de ontwikkelingscyclus van vele 
belangrijke groentegewassen bepalen. 

Een grafische vorm is ontworpen: “fotothermogram’”’ genoemd, waardoor een 
klimaat, dan wel de weersomstandigheden gedurende een zekere periode, weergegeven 
kunnen worden, voor zover het de daglengte en temperatuur betreft. Op eenzelfde 
grafiek kan men weergeven, hoe de ontwikkelingscyclus van een plant van deze twee 
factoren afhankelijk is. Dit laatste is uitgewerkt voor een betrekkelijk eenvoudig ge- 
val bij Beta vulgaris, t.w. de overgang van de vegetatieve naar de generatieve toestand, 
en omgekeerd. Voor enkele rassen van kroten en suikerbieten is de grenslijn gevonden 
tussen de vernaliserend en de devernaliserend werkende fotothermische omstandig- 
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heden. Vergelijking van deze grenslijnen met de klimaat-fotothermogrammen van 
een aantal plaatsen kan tot verschillende beschouwingen aanleiding geven. Nadere 
uitwerking van dit principe zal, naar verwacht wordt, een bijdrage kunnen leveren 
tot de prognose van de produktiviteit van een bepaald ras in een zeker gebied. 
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INTRODUCTION 


In breeding for resistance to Phytophthora infestans for many years use has been 
made of the hypersensitivity genes (R) of the wild mexican species Solanum demissum. 

Unfortunately the parasite is capable of adapting itself and repeatediy physio- 
logic races emerge which can attack the R-seedlings. The R-gene which causes the 
resistance of the plant is counteracted by a pathogenic strain of the fungus supposed 
to possess the corresponding p-gene *) for pathogenicity (TOXOPEUS, 2). 


The resistant hybrids raised by backerossing S. demissum repeatedly with varieties 
of S.tuberosum display tetraploid inheritance. So far experience has been gained 
only with pathogenic strains on simplex R-material and the question arises whether 
multiplex seedlings possibly show a higher degree of resistance to the appropriate 
p-strain than the simplex ones. 

Miss FERRIS (1) answered this question in the affirmative. She compared the 
growth of the p; strain of the fungus in the tissue “of a simplex and of a duplex R,- 
plant and established that the presence of the second R‚-gene in the plants resulted in 
the development of a milieu unfavourable for the growth of a race of the fungus able 
to develop extensively in plants that contain only one of the R‚-genes”’. 

However, this conclusion is not the only one that can be drawn from the results 
of her study. The difference also tan be explained by supposing that both plants 
differ in their degree of field resistance. This character is governed by many genes, 
each with a small effect and consequently two random plants, in respect of field 
resistance, cannot be but different. For this reason a comparison between one sim- 
plex and one duplex plant, even if they are of the same parentage, can never reveal 
the influence of the extra R-gene. 


Conclusive evidence can be gained only from a study of groups of simplex and 
multiplex seedlings with the same parentage. If these groups are large enough their 
average degree of field resistance may be supposed to agree and consequently 
differences in the average attack by the pathogenic strain have to be ascribed to the 
effect of the extra R-genes. 

The determination of the number of R-genes is not difficult, but rather time- 


1) In stead of the notation (1), (1.3), ete. for the physiologic races that can attack the plants R, 
and R‚R; 1 use their genotype as proposed in my publication (2) on the origin of physiologic races; 
for (1) stands p‚, for (1.3) p,‚ pg and so on. 


106 


RESISTANCE OF THE POTATO TO PHYTOPHTHORA INFESTANS 


‘eonsuming. To that end each plant has to be crossed with a fully recessive variety and 
‘the F, of such crosses must be inoculated with such a strain of the fungus as does not 
attack the seedlings containing an R-gene. The F, of a simplex plant segregates in 
resistant and susceptible seedlings in the ratio 1:1; with a duplex parent plant this 
ratio is 5:1. Crosses with a triplex parent may show a few susceptible plants as a 
consequence of double reduction and quadruplex crosses are completely resistant. 


METHODS AND MATERIALS 


In the summer of 1954 special crosses were made in order to get the above groups 
of seedlings containing plants with different numbers of R-genes. To that end the 
duplex Rz-clone Ph 112 was crossed with the fully recessive varieties Farlaine and 
Eigenheimer and with a small number of simplex R3-seedlings belonging to the crosses 
51-20, 51-21, 51-23 and 51-26. Figure 1 elucidates the descent of the material used. 
The degree of field resistance of the varieties used in the building up is indicated in 
parenthesis, according to the scale used in the Dutch List of Varieties of Field 
Crops (from 3 — very susceptible (Duke of York, Bintje) to 10 — no lesion at all). 


S. demissum x S. rybinit 


735 x Gladstone (7) Oroeses 
NEEN 
made by 
Ë Dr. W. BLACK 
r 
885/4 x Dr. Melntosh (5) jen Xx Pepo (5) 
297 DI Vernon (5) 
Bintje (3) x Record (6) ETE A 
| 
4 De 1104 1257 x Furore (1) 
Y 226 (4) 
Own 


Î 
47-94-26 x Profijt (7) — | 51-20 47-949 Crosses 


51-23 x Matador (6) — [s1-2n selfing 


| 
6 (4e | 51-26 | [Ph 112 


Fig. 1. GENEALOGY OF THE HYPERSENSITIVE MATERIAL USED IN THE CROSS-BREEDING WORK 


In 1955 the seedlings were grown in small pots in a greenhouse without being 
inoculated and in 1956, from each seedling two or three tubers were planted out in 


Wageningen. 
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The following material was available for study. The hybrids derived from the 
simplex Rg-seedlings of each separate cross (51-20 etc.) were added together. 


TABLE 1. SURVEY OF THE AVAILABLE SEEDLING CLONES 


Cross combinations Parents Number of seedling clones 
OM ERER ER ee em Earlaine X Ph 112 73 
Eigenheimer x Ph 112 73 
RllRAR ent AE IND: 51-20 x Ph 112 100 
51 Ph 65 
51-23 X Ph 112 101 
51-26 Xx Ph 112 98 


These seedling clones were planted on a clay soil favouring the development of 
Phytophthora infestans. Moreover a great many tubers of the extremely susceptible 
varieties Barima and Eigenheimer were planted out along the rows for comparison. 
In this way ltried to ensure the development of large quantities of sporangia and of an 
early development of the pathogenic race pz. 

It was expected that the pathogenic strain would develop gradually and the idea 
was to make notes on the attack of the R3 seedlings at regular intervals. In the 
meantime a great number of the clones should be crossed with the variety Eigenhei- 
mer in order to study their genotype. 

By testing the F, of these crosses the number of R3-genes could be known early in 
1957 and in relating these data to the degree of attack of the plants in 1956 and in 
1957 conclusive evidence with regard to the influence of an extra R3-gene would be 
provided. 

However, in consequence of the extremely bad summer of 1956 only part of this 
programme could be executed. The period of flowering was short and only a few 
plants could be used for crossing. The pz-epidemic started its development in the end 
of August. It spread from a comparatively small focus and proceeded so fast that 
within a few days every plant was attacked. Therefore the notes on the degree of 
attack were very difficult. to interprete in terms of degree of susceptibility of the 
individual plants. 

Notwithstanding these difficulties the observations allowed of a tentative con- 
clusion. 


OBSERVATIONS 


During the last week of July every fully recessive plant in the trial field and in the 
adjoining collection of varieties was more or less attacked. At that time, from 
observations on the material known to contain the gene R3, it appeared that the 
Psstrain had not yet sufficiently developed to cause lesions on the Rj-seedlings. 
Consequently a study could be made in the field of the segregation into seedling 
clones containing and not containing the gene R3. 

Table 2 shows the results of these studies and it appears, that they are very well 
in agreement with expectation. 
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TABLF 2. DATA ON THE ATTACK OF THE SEEDLING CLONES BY THE O-STRAIN OF PHYTOPHTHORA INFESTANS 
DE OE OEE 


Number of | Theoretical Addition 
seedlings ratio according to groups 
Cross combination R-genes 
resist. susc. | resist. susc. en es es 
resist. susc. | resist. susc. 
Earlaine x Ph 112 0 x R;Rs 61 12 OR 
Eigenheimer x Ph 112 OPSRERs 61 12 Std | Fano EA Oe 
51-20 x Ph 112 RSP RERE 84 16 El 
51-21 x Ph 112 R; Xx ReRs 59 6 Hits 
51-23 x Ph 112 RE REKE 92 9 ied and dele 08 
51-26 x Ph 112 RE RER: 91 Je fatnt 


All plants showing no lesions at the beginning of August should possess at least 
one R-gene. As the number of susceptible plants is very close to expectation, the 
distribution of simplex, duplex, triplex and quadruplex plants will also be in accor- 
dance with the theoretical ratio. Table 3 demonstratesthis theoretical distribution 
of the diverse genotypes. 


TABLE 3. THEORETICAL DISTRIBUTION OF GENOTYPES IN THE TWO GROUPS OF CROSS-COMBINATIONS 


Ees | Distribution of genotypes (36 plants) %, multiplex 
combination | on resistant 
nulliplex 0 | simplex Rs | duplex R;R; | triplex R;R;R3 seedlings 
RER AO 6 24 6 20.0 
RER RE 3 15 15 3 54,5 


Fom this survey it is clear that the two groups of seedlings differ very much in the 
number of plants having more than one R; gene. Therefore, if the effect of an extra 
R3-gene is of any significance, the average degree of damage done to these different 
groups should be visible at once. 

Such a clear difference could not be observed and from this fact it can be concluded 
that a possible effect does not surpass the difference in average degree of field 
resistance that may exist between the two groups. 

How great such a difference may be cannot be known with certainty. In the first 
place there is the question as to whether a certain degree of field resistance to one 
strain means the same degree for another one. In so far as the p-strains are concerned 
this seems to hold true, but it would not be so, of course, for strains lowering the 
field resistance of particular varieties (Toxopeus, 2, p. 230-232). 

The varieties Eigenheimer and Earlaine are very susceptible and so may be their 
offspring. The field resistance of the Rj-parents of the simplex-duplex crosses can be 
judged from their descent only (Fig. 1). On an average they probably are somewhat 
more resistant than Earlaine and Eigenheimer. If there is any variation in field 
resistance therefore, the R;R3 x o group would be the most susceptible one, adding 
weight to the fact that differences observed are not great. 

Although no final proof of the lack of effect of extra R3-genes is given, the available 
evidence indicates that it can be only small and, therefore, of no value for the plant 
breeder. 
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SUMMARY 


A study was made on the possible influence of extra Rj-genes on the resistance to 
the physiologic race p; (—(3)) of Phythophthora infestans. The data allowed of the 
conclusion that such an influence could be small only, not exceeding small differences 
in the average degree of field resistance existing between the groups of simplex, du- 
plex and triplex plants. 


SAMENVATTING 


Over de invloed van extra R-genen op de resistentie van de aardappel 
tegen de corresponderende p-rassen van Phytophthora infestans 


In de zomer van 1956, welke voor het optreden van Phytophthora infestans zeer 
gunstig was, konden waarnemingen worden gedaan over de mogelijke invloed van 
de aanwezigheid van meer dan één R3-gen op de vatbaarheid van de planten voor het 
ras pz van de parasiet, dat Rj-planten kan aantasten. 

Groepen van zaailingen met zeer uiteenlopende percentages simplex (R3), duplex 
(R3R3) en triplex (R;R;R3) planten werden met elkaar vergeleken. Op grond van de 
waarnemingen over de gemiddelde aantasting van dit materiaal kon met grote waar- 
schijnlijkheid worden besloten, dat, zo er al een verschil bestaat, dit niet groter kan 
zijn dan dat tussen de gemiddelde veldresistentie van de verschillende groepen. In elk 
geval is er niet een dusdanig onderscheid, dat het voor de kweker loont rassen met 
meer dan één R3-gen te kweken, temeer, omdat in de kruisingen, welke hij gebruikt 
veel simplex- en slechts weinig multiplex zaailingen voorkomen. 
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1. INTRODUCTION 


In the Netherlands as well as in other countries new varieties of beans (Phaseolus 
vulgaris L.) with resistance to some important diseases have been bred in the past 10 
years. 

Unfortunately it soon appeared that these new varieties were insufficiently resistant 
against other diseases which were no serious problem with the established varieties. 

However, four ways which may assist in remedying the situation soon, can be 
mentioned: 

(a). In Western Europe there is now no uncertainty about the symptoms of the 
most important bean diseases, and in consequence this represents a basis for selecting 
for resistance. In order to show how bean diseases can be distinguished eight coloured 
plates (Figs 1-8) which appeared in other publications of the writer have been included 
in this paper (13, 14, 15, 16). These illustrations show that in reacting to the same 
disease different bean varieties display completely different symptoms. Symptoms 
also vary according to conditions. If the less variable characteristic disease symptoms 
are constantly kept in mind it is usually not difficult to identify the diseases and the 


resistance. 


(b). Methods which have been developed for testing the resistance of large numbers 
of plants against five important diseases, can now be employed by private breeders. 
The division of disease resistance of the Institute for Phytopathological Research 
(L.P.O.) advises breeders on these testing methods and supplies them with the infection 
material required. In addition much advice is given on the combined artificial testing 
for various diseases simultaneously, although often the tests can be carried out 
successively when, for some reason, it is not possible to carry out a single combined 
test. 
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(ce). Numerous bean varieties could be evaluated as parent plants by testing seedlings 
for resistance to, for example, Phaseolus virus 1 and 2, Nicotiana virus 11, halo blight 
and anthracnose. The combined testing of hybrid populations has been started and 
is already being tackled on a large scale by a number of private breeders, the Institute 
of Horticultural Plant Breeding (L.V.T., Wageningen), the Foundation for Agricultural 
Plant Breeding (S.V.P., Wageningen), and the Vegetable Research Station at Alk- 
maar. 


(d). As a result more experience is now available about the genetics of resistance 
in cultivated varieties and wild species, and about cultural and consumption charac- 
teristics. 

It is very important to combine resistance against diseases mentioned above as 
soon as possible and without losing other valuable features. In this connection there 
are some new and unexpected aspects: 


2. DISEASE SYMPTOMS AS A PRINCIPAL BASIS FOR TESTING FOR RESISTANCE 


(a). Common bean mosaic and black root. Phaseolus virus 1 
Common bean mosaic 


Common bean mosaic is a virus disease which may be seed-borne in susceptible 
varieties, though mostly only to the extent of several percent. In the field the virus is 
transmitted by winged aphids from diseased to healthy plants. In the central, southern 
and eastern parts of the Netherlands large numbers of winged aphids of the species 
Aphis fabae often occur, resulting in heavy infestations in most bean. fields. 


Testing in the field. 


Here the testing of bean varieties and hybrid populations can be easily carried out by 
sowing in the second half of May or at the beginning of June. Some rows of 
diseased plants, obtained by sowing heavily-infected seed, are laid out alongside the 
rows to be tested. Resistance can generally be judged prior to or during flowering. 

In the coastal areas of the northern part of the Netherlands there are often in- 
sufficient winged aphids to cause heavy infestations in the field, even in the middle of 
the summer. In such cases one is restricted to artificial testing by means of sap inocu- 
lation of seedlings. 


Artificial testing. 


It is necessary to start with diseased plants which are infected with an extremely 
virulent virus strain. The leaves and stems of such plants are crushed in a mortar with 
a small quantity of water (e.g. 10 times as much as the weight of the plant material). 
The sap is filtered through cotton-wool and, after adding carborundum powder of 
500 or 600 mesh, carefully rubbed with thumb and forefinger on to the first simple 
leaves of the plants to be tested. The leaves are then rinsed with water and kept fairly 
warm — preferably not over 25°C. At this temperature the first symptoms appear 
after 10 to 14 days. After 3 to 4 weeks differences in resistance are clearly visible 
because characteristic symptoms will have by then developed. A rapid method of 
testing has been developed by RiCHARDS and MUNGER (19b). They used a suction feed 


glass-atomizer with a Devilbiss cutoff assembly in inoculating large numbers of 
seedlings. 
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NEC OMIANA MIERWUIS TI 


Fia. l. STIPPLE STREAK IN LEAF AND PODS OF THE STRINGLESS DWARF SNAP BEAN, VARIETY 


DusseLE Witte 
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PHASEOLUS VIRUS 1 


Fie. 2. BLACK ROOT IN THE STRINGLESS DWARF SNAP BEAN, VARIETY SERVUS 


BREEDINGFOR DISEASE RESISTANCE IN BEANS 


PHASEOLUS VIRUS A1 


Fig. 3. COMMON BEAN MOSAIG IN THE DWARF HARICOT BEAN, VARIETY BEKA, ORIGINATING FROM 
SEED-BORNE VIRUS 
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PHASBEOLUS VIRUS 2 


Fro. 4. APICAL NECROSIS IN YOUNG PLANT OF THE STRINGLESS DWARF SNAP BEAN, VARIETY DUBBELE 
Wrirre 
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BAAS ONES BVAERSUIS EZ 


Fia. 5. YELLOW BEAN MOSAIC IN THE STRINGLESS DWARF SNAP BEAN, VARIETY SERVUS 
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PSEUDOMONAS PHASEOLICGOLA (BurK.) Dowson 


Frio. 6. HALO BLIGHT IN THE STRINGLESS DWARF SNAP BEAN, VARIETY VoOoRLUK 
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COLLETOTRICHUM 
LINDEMUTHIANUM 
(Saca. ET MAGN.) SERIB. 


Fie. 7. ANTHRACNOSE IN THE STRINGLESS DWARF SNAP BEAN, VARIETY RANGER 
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UROMYCES PHASEOLI 
(PERS.) WINT. VAR. TYPICA ARTHUR 


Fro. 8. BEAN RUST: UREDOSPORES ON LEAF AND TELEUTOSPORES ON POD OF THE STRINGLESS DWARF SNAP 
BEAN, VARIETY FURORE 
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Susceptibility and resistance. 


In the case of very susceptible varieties curling of leaves, chlorosis and subsequent 
„necrosis of the leaf tissues are the typical symptoms of attack. In addition growth is 
‚stunted and pod-setting is delayed. Moderately susceptible plants develop rolled 
leaves with mosaic, and often exhibit slight symptoms of chlorosis; they are also 
_inhibited in growth. Tolerant or slightly susceptible plants grow almost normally but 

in the first stages of attack they can be recognized by their somewhat narrower leaves 
with slightly chlorotic veins. Later abnormalities involving apical and lateral shoots 
do not occur. On the other hand a very high percentage of seed transmission of the 
virus can sometimes be established in the case of tolerant varieties. 


Black root 


Bean varieties showing no symptoms of mosaic sometimes develop brownish-black 
discoloration of vessels within the plant, including the roots. For years the cause of 
these symptoms, known as black root, could not be discovered, but eventually 
GROGAN and WALKER (11) found it to be due to hypersensitivity of the plants to 
Phaseolus virus 1 at temperatures of 20°C or higher. 


Testing in the field. 


The testing for resistance to common bean mosaic and black root combined can 
be carried out in the field only when temperatures have been sufficiently high (17, 18). 
Therefore the procedure will be most successful when sowing takes place in the 
second part of May in a warm protected area in the south. Plants containing common 
bean mosaic should serve as the source of infection in this case, and should be sown 
next to the beans to be tested. 

In the coastal areas few winged aphids develop on account of the prevailing windy 
and cool weather, and black root occurs there rarely. 


Artificial testing. 


In these regions resistance can be tested by grafting mosaic virus containing shoots 
infected with mosaic virus on to healthy plants in a glasshouse where the temperature 
does not fall below 20°C (20, 33). As yet, however, practical breeders do not test their 
plants by this rather elaborate method, but the development of necrosis in bean 
seedlings three or four days after sap-inoculation at temperatures above 30°C may be 
an indication for them how to test lines (28, 29). Even cut leaves in petri dishes show 
necrotic veins after sap inoculation at these temperatures (19a). 


Susceptibility and resistance. | 

The growing of varieties susceptible to black root has shown that in practice there 
are great differences in the degree of attack. Varieties which normally develop little 
foliage and roots, such as the dwarf snap-bean Servus, are frequently heavily attacked, 
whereas well-rooted, large, leafy plants are only seldom attacked. It appears that bean 
varieties which remain free from attack by black root in the Netherlands often show 
hypersensitivity in countries where the temperatures reach higher levels in summer. 
The disease does not generally make its appearance in the field until the plants have 
produced mature pods, except in a hot summer like 1947, when many seedlings died. 
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Environmental conditions. 
Temperature is therefore presumably a decisive factor in controlling the incidence 
„of the disease. If the crop is sown late (for example after mid-June) so that pods 
develop in September, black root does not even occur in very susceptible varieties in 
the Netherlands. Probably the lower overnight temperatures are sufficient to compen- 
sate for possible high afternoon temperatures. 


(b). Yellow bean mosaic and apical necrosis. Phaseolus virus 2 


Unlike Phaseolus virus 1, Phaseolus virus 2 is not seed-borne in susceptible bean 
varieties. In the field the virus is transmitted by winged aphids from infected gladioli, 
clover, or other plants. The presence of these winter host plants in the vicinity of 
beans is therefore a conditio sine qua non for an attack, and the degree of attack is 
greatest where the host plants are closest to the bean crop. 


Testing in the field. 

Consequently the testing of bean varieties and hybrid populations can be carried 
out in a simple way by sowing the beans alongside rows of infected gladiolus plants in 
the second half of May or in early June. Sufficient numbers of winged aphids are 
necessary, of course, to bring about the infection. In the central, southern and 
eastern parts of the Netherlands winged aphids sometimes start transmitting the virus 
as early as May. During the course of June and July large populations are built up 
and resistance can be tested in the field, because in those months young plants seldom 
escape infection. 

As has already been mentioned, viruses are transmitted by winged aphids only to a 
very limited extent in the northern coastal provinces, and resistance to Phaseolus 
virus 2 there must be tested artificially. 


Artificial testing. 

This is carried out by transmitting the virus in diluted sap derived from diseased 
bean plants on to the simple leaves of the seedlings. The sap, together with fine car- 
borundum powder of 500 or 600 mesh (see page 112) should then be rubbed carefully 
over these leaves with the aid of a small glass rod or with the fingers. Only wounds of 
microscopic size should be produced and through these the virus particles penetrate 
into the intact cells of the epidermis of the plants. Rinsing the plants with water after 
inoculation prevents the sap from having a toxic effect on the cells. Direct radiation 
by the sun and high temperatures should be avoided in order to prevent the super- 
ficially injured cells from drying up, particularly during the first 24 hours. After 10 to 
14 days the first symptoms begin to appear in the rubbed developing leaves. Two to 
four weeks later the symptoms reach the stage when the degree of resistance or 
susceptibility of the plants can be assessed. 


Susceptibility and resistance. 

In the case of very susceptible bean varieties the apical and lateral shoots, and also 
the young inflorescences, are killed, and growth and podsetting are arrested. Moder- 
ately susceptible varieties generally develop yellow leaves which become curly and 
crisp rather soon. In addition growth is inhibited in the apical and lateral shoots, and 
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Fi. 9. ABNORMAL SYMPTOMS OF PHASEOLUS VIRUS 2 IN A CROSS OF THE DWARF SNAP BEAN VARIETIES. 


SERVUS AND DUBBELE WITTE Z.DR.: 
Old leaf with local vein necrosis; malformed young leaf with vein clearing; pods with super- 


ficially necrotic ringspots 


Abnormale symptomen van Phaseolus virus 2 in kruising van de stamslabonerassen Servus en 


Dubbele Witte z.dr.: 
Oud blad met plaatselijke nerfafsterving: misvormd jong blad met lichte nerftekening: peulen: 


met oppervlakkige necrotische ringvlekken 
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the leaves in those regions remain much smaller than normal, being distinguishable by 
a clearly marked mosaic. Slightly susceptible or tolerant varieties often display a 
weakly-developed mosaic pattern. This pattern is restricted to the veins or to scattered 
yellow or reddish brown dots in the leaf tissues (see Fig. 9). 


It is dubious whether completely resistant varieties can occur within the species 
Phaseolus vulgaris L. Tolerant bean varieties showing only weak symptoms, at most, 
appear to suffer no observable damage, so are sufficiently resistant. 


(c). Sripple streak. Nicotiana virus 11 (tobacco necrosis virus) 


The virus disease designated stipple streak is distinguished from the preceding 
diseases by: 


a. the absence of mosaic symptoms 
b. overwintering of the virus in the soil 
c. impossibility of transmission by aphids 

Characteristic symptoms of stipple streak are reddish brown discolorations in the 
stems, leaf veins, pods and roots of the plants (19). Discoloration is not restricted to 
the vessels but extend locally to parts of the cortex and the epidermis. 


Testing in the field. 

When susceptible varieties are sown in infested soil the lateral roots soon turn 
brown and die. As a result the plants begin to suffer from a “foot-rot disease” which 
causes the leaves to turn yellow while the plants are greatly inhibited in growth. 
Sometimes no red stripes or discoloured leaf veins appear in the aerial parts of the 
plant, although the virus can be easily found in the roots. The most reliable method 
for assessing the resistance of the plants to be tested therefore is to examine the root 
system, provided that it has developed sufficiently in heavily-infested soil. The roots 
of resistant plants are always vigorous and white coloured; these plants are therefore 
firmly rooted and continue to grow for a long time to produce a sturdy crop. 


Artificial testing. 

If there is uncertainty about the degree of contamination of the soil, seedlings and 
older plants can be tested artificially by using diluted sap from diseased plants. The 
sap reaches the limit of infection power only at a dilution of 1 to 100,000 (parts by 
weight). The sap, either by itself or mixed with carborundum powder, is rubbed on to 
a simple or compound leaf of the plant to be tested. Infection can also be brought 
about by injecting this sap into stems or pods. 


Susceptibility and resistance. 


It is some time before one can be sure of the resistance of the plants tested; the 
appearance or non-appearance of symptoms on inoculated parts of plants is no cri- 
terium of resistance for only when no symptoms appear in the other parts, particularly 
in the roots, stems or pods, can one be certain that the plants are resistant. Although 
local symptoms often appear after 3 or 4 days, a month or more should elapse before 
assessing the resistance. Brown discolorations in the pods can sometimes appear in 
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moderately susceptible bean varieties towards the end of the season. In the case of 

highly-susceptible varieties the plants die without producing pods, especially if they 
were infected in the seedling stage. It is not yet certain whether the bean varieties 
claimed as being resistant are, in fact, tolerant or perhaps hypersensitive to the 
virus. The fact that they sometimes respond with local lesions seems to be an indi- 
cation of hypersensitivity. 


Environmental conditions. 


Stipple streak can attack the plants both at low temperatures and at fairly high 
temperatures. QUANTZ obtained infection of cut leaves in petri dishes after sap- 
inoculation at temperatures of 15°C up to 25°C. No infection resulted at 30°C (19a). 
An attack during a heat wave in summer is sometimes temporarily checked, perhaps 
also as a result of inactivation of the virus by intensive and long irradiation of the 
plants by the sun. As a rule the most severe attacks are observed in pole beans, 
probably since it is difficult for sun rays to penetrate into their foliage. Insufficient 
crop rotation may also play a part. 

The virus remains intact for several months in dry plant material preserved under 
cool conditions, so it is not difficult to place infection material at the disposal of pri- 
vate breeders and plant breeding institutes at any time. Usually the virus is increased 
in living green plants in order to have sufficient material for the infection of large 
numbers of seedlings available for disposal. 


(d). Halo blight. Pseudomonas phaseolicola (Burkh.) Dowson 


Halo blight is the only important bacterial disease of beans in the Netherlands. In 
the first instance the bacteria are disseminated by sowing contaminated seeds of 
susceptible bean varieties. The seedlings infected by seed transmission are severely 
inhibited in growth and turn yellow; sometimes no compound leaves develop at all. 
It is characteristic that chlorosis is almost entirely restricted to the leaf parenchyma 
tissues, resulting in a pattern of green veins similar to the symptoms of a virus 
disease. It is especially conspicuous in young leaves developing in cool weather 
(temperatures of under 20°C). 


Testing in the field. 

The symptoms on plants contaminated in the field by bacteria from rows of natural 
or artificial infected seedlings are restricted to the parts infected. Under these circum- 
stances chlorotic lesions develop in the centre of which a “greasy” spot marks the 
presence of bacteria in the intercellular cavities of the leaf. This “greasy”’ spot dries 
up in dry warm weather and turns reddish brown in colour; it may fall out of the 
leaf leaving a small hole. During wet weather the bacteria are spread by rain drops 
which touch the “greasy” spots. The bacterial exudate then appears as minute creamy- 
white slime “knobs” on leaves, stems and pods amongst the “greasy” spots. High 
winds can spread the infected drops over fairly large distances, producing infection 
centres in other leaves, and by the rubbing of leaves against each other and against the 
ground. In addition, the bacteria can easily penetrate into leaves through small 
wounds made by plants rubbing against one another. 
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Artificial testing. 


Four methods are known for artificial testing the resistance of seedlings (or green 
pods): 

1. Rubbing the simple leaves or green pods with an aqueous suspension of bacteria, 
using fine carborundum powder (500-600 mesh) for producing small wounds in the 
epidermis, to increase the chance of infection. One practical breeder preferred to use a 
small roughly polished glass rod for applying the suspension without carborundum 
powder. In addition he inoculated the first compound leaves because these may be 
assessed during a longer period. The simple leaves are often discarded by the plants 
when they are diseased. The degree of resistance can be ascertained from the develop- 
ment of small or large halo blight spots produced in the leaves or pods. 

2. Injection of a bacterial suspension into the hypocotyl or epicotyl stem by means 
of a syringe. In this way the bacteria reach the vessels immediately and, in susceptible 
plants, symptoms will appear which resemble those on seedlings grown from infected 
seed. Injection of green pods is possible in the same way. 

3. Immersion of freshly germinated seeds in a bacterial suspension for two hours, 
and then planting them in pots. Before immersing the seeds the seed coat is removed 
in order to aid the penetration of the liquid into and between the cotyledons. This 
procedure can be furthered in vacuum (31). Here again symptoms are produced in 
susceptible plants which resemble those induced by seed transmission of the disease. 
Green pods can be treated in the same way. 

4, Inoculation of beans by atomizing a suspension of bacteria has been most 
successful at the time the third trifoliate leaf was unfolding. Infection was variable 
and slight on the primary leaves (24). 


The methods mentioned under 1 and 2 can be combined with inoculation for testing 
for resistance to stipple streak. 


Susceptibility and resistance. 

There are considerable differences in the rate of multiplication of the bacteria in the 
plants of different bean varieties and this is closely related to differences in resistance. 
In very susceptible varieties large “‘greasy”’ spots are produced not only in the leaves, 
stems and pods, but also in the xylem of stems and leaf veins which become filled with 
bacterial slime. In such cases growth is chlorotice and greatly inhibited not only on 
account of the actual bacteria in the vessels, but particularly because they secrete 
toxins (26). Under unfavourable conditions the plants hardly recover, and frequently 
the leaves and apical stems wither and no pod-setting and seed formation takes place. 
Moderately susceptible plants also develop “‘greasy”’ spots in leaves, stems and pods 
but they remain more limited in size. Stunting occurs to a lesser degree, but the 
bacteria can penetrate deeply into the plants infecting the seeds when the pods are 
attacked. In this case infected seeds may often show a satisfactory germination 
capacity and thus contribute to the spread of the disease. In slightly susceptible 
varieties the bacteria multiply only to a small extent in the plants; under unfavourable 
circumstances small ‘“greasy”” spots may occur on leaves and pods, but these will 
soon dry up and turn brown in sunny weather. Plant development is hardly checked 
by the bacteria and only slightly chlorotic margins around the ““greasy’’ spots in the 
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leaves are produced if, at 10-15°C, normal growth is no longer possible. Slightly 
susceptible bean varieties are sufficiently resistant to halo blight under normal con- 
ditions, and the bacteria are not seed-borne. The highest degree of resistance known 
to the writer is characterized by the absence of “greasy” spots. The presence of small 
aecrotic spots in areas of infection may often be an indication of this resistance. 


Environmental conditions. 


With the above mentioned testing methods for resistance, the best results are 
obtained when the temperature is not allowed to rise much above 20°C. In the last 
mentioned methods the temperature should be maintained at between 15°C and 
20°C so as to induce slight chlorosis ip susceptible plants. The first mentioned artificial 
method is a little less dependent on the temperature because it is not the effect of the 
toxic substance which is considered in assessing the susceptibility of the plants, but 
the multiplication of the bacteria in the leaves (32). Even in almost completely 
resistant bean varieties the toxin can produce chlorosis at temperatures as low as 
about 10°C and this would lead to incorrect assessment. 


Infection material. 


The cultures of bacteria required for testing are supplied by the resistance depart- 
ment of the I.P.O. direct to breeders. However, breeders can also produce the infection 
material themselves because the bacteria can be preserved in dry plant material for 
a year at least without impairing its virulence. The easiest way is to collect pods with 
halo blight in the field, allowing them to dry up and then keeping them in a sufficiently 
dry condition. For the preparation of a bacterial suspension these dry pods only need 
to be soaked in tepid water for some hours to activate the bacteria again. Cutting the 
dry material into small pieces and crushing it in a mortar after soaking will probably 
result in a considerable number of bacteria being brought into suspension. If dry pods 
with halo blight spots are not available a sufficient amount of infection material can 
be prepared with one culture of bacteria. Infection of a number of seedlings of a 
susceptible bean variety according to the method described under 2 or 3 produces 
diseased plants. In their stems enormous numbers of bacteria are developed and large 
quantities of suspension can be produced by crushing the material in a mortar with 
water or by dispersion in a mixer. By splitting the stems of seedlings lengthwise and 
washing with water, already a sufficient quantity of bacterial suspension can be 
obtained. In order to be able to use the suspension for injecting stems it should be 
filtered through cotton wool to remove coarse particles. When preparing bacterial 
suspensions great care should be taken to exclude decaying parts of plants since the 
presence of putrifying bacteria in the diseased parts to be used may kill inoculated 
seedlings within a short time. 


(e). Anthracnose. Colletotrichum lindemuthianum (Sacc. et Magn.) Scrib. 


When infected seed is sown the resulting seedlings may be seriously attacked and 
even killed. Symptoms of anthracnose occur in nearly all countries of the world where 
beans are grown. Sometimes infected seedlings die even before they emerge and this 
results in a thin stand. 
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Sunken dark brown spots on the leaf veins and stems at all stages of plant develop- 
ment are characteristic symptoms of anthracnose. Flower stalks and young pods may 
also be attacked, and eventually brown spots develop on pods and seeds. The fungus 
spores which are produced in the brown lesions can be spread by rain drops from 
diseased to healthy plants in the field during cool moist weather. Diseased fields in 
the vicinity can therefore eventually lead to the infection of a healthy crop. 


Field testing. 
Owing to the physiological specialization of the fungus it has proved difficult to 
carry out a reliable test for resistance in the field. 


Specialization of the fungus. 

On comparing the results of artifical testing of some bean varieties with numerous 
fungus isolations of Dutch origin it appeared that the cultures could be classified into 
four categories and in accordance with similar research in the U.S.A. the races are 
indicated as alpha, beta, gamma, and delta. Determination was possible with the aid 
of a small number of American dry shell beans as appears from table 1 (27, 34, 35). 


TABLE 1. SPECIALIZATION OF COLLETOTRICHUM LINDEMUTHIANUM 


| 
Bean varieties Alpha Beta Gamma | Delta 


Emerson: sdam an en R R R S 
PertvaMartowenm nn: S R S (R) S 
INIChENIE Weren pven re S R S S 
Michigan Dark Red Kidney . R S S S 


R = resistant. S — susceptible. (R) = in the U.S.A. a resistant line of Perry Marrow seems to 
be known. 


Only seedlings killed after infection were considered susceptible. A slight attack 
which sometimes occurred in “resistant” plants was tolerated. Completely resistant 
plants do not display any symptoms at all. 


Artificial testing. 


1. In order to test numerous bean varieties for resistance against different isolations 
of the fungus the seedlings are raised in culture tubes of 4 cm diameter. For that 
purpose every group of five germinated seeds, after removing the seed coats, is placed 
at the bottom of a tube on a filter paper folded to form a small table. The seedlings 
are allowed to grow by adding a small quantity of water to every tube, causing the 
filter paper to remain wet. The plants are inoculated by atomizing a spore suspension 
over the seedlings when the hypocotyl starts to lengthen occurring mostly before or 
just when the lateral roots commence to develop. The tubes are sealed by means of 
cotton wool plugs for at least three days. If desired cotton wool can be replaced by 
polyaethylene-plastic. At a temperature of 20°C, a sufficient number of spores will 
have germinated and penetrated into the plants within 2 x 24 hours of inoculation. 
Three days should be allowed to elapse however, at lower temperatures, and main- 
tenance of a high degree of air humidity during the further incubation time appears 
to be favourable for the development of the fungus in the plants. At 20°C symptoms 


120 


BREEDING FOR DISEASE RESISTANCE IN BEANS 


appear about a week after inoculation and some days later very susceptible plants are 
heavily attacked or dead. This permits selection for resistance to be easily carried out. 

Very young parts of mature plants such as inflorescences, pods or lateral shoots 
‚may be killed in the field only after cool moist weather; so tubes can also be used 
successfully for testing young shoots of nearly mature plants. 

A private Dutch breeder tested in 1956 the resistance of some 70,000 seedlings in 
‘culture tubes according to the method described above. However, in general, this 
method should be considered of limited use for practical breeders, since it requires 
some laboratory equipment and a knowledge of laboratory procedure. 

The advantages of this method are the following: 


a) Seedlings in tubes can easily be placed under the desired temperature conditions 
in the laboratory. 

b) No special preparatory measures are necessary to keep air humidity at the required 
high level. 

c) There is extremely little chance of the seedlings escaping infection, on account of 
the individual treatment. 

d) The seedlings can be treated at about the same stage, since late germinating seeds 
can be kept a little warmer in seperate tubes for one or more days in order to 
stimulate growth. 


The disadvantages are that: 

a) It is not easy to plant out the seedlings at the stage when disease symptoms are 
visible without damaging the root system. The above-mentioned breeder overcame 
this problem by transferring the plants from the tubes into pots prior to the appea- 
rance of symptoms, obtaining plants with a well-rooted ball of soil which could 
be planted out in the field, if necessary, under less favourable weather conditions. 

b) The work of placing the seeds in the tubes and subsequently carefully taking them 
out involves much labour, particularly as a considerable number of susceptible 
plants have to be dealt with. 


2. The last-mentioned difficulty led to a search for a method of making tube treat- 
ment of the seedlings superfluous. Three private breeders agreed to sow seed in 
trays or boxes containing, respectively, moist saw dust, moist river sand on top of a 
layer of wet peat-dust, and in vermiculite. Inoculation was carried out when all the 
seeds had germinated and to promote uniform germination, the seeds were sometimes 
cut. A spore suspension was sprayed over the seedlings in the trays at the stage 
mentioned before, although this still appeared to be successful when the simple 
leaves between the cotyledons were entirely unfolded. In order to allow inoculation 
of the seedlings just after germination, the seeds have to be sown superficially. To 
keep them sufficiently moist they may be covered by wet filter paper or plastic. Later 
on the trays — seperately or together — were sealed hermetically with polyaethylene- 
plastic or with glass and after three days air was gradually allowed to enter in order 
to harden the plants. Sometimes the seedlings were not planted out in the field until 
differences in resistance to anthracnose were clearly visible. The disadvantage of this 
procedure, however, was that the plants had difficulty in forming fresh roots. In order 
to assist root development the plants were often planted in good garden soil in pots 
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under glass. Since a bean plant can more easily produce new adventitious roots 
when it is young, best root development can be obtained with seedlings which are 
potted before they develop disease symptoms. The advantage of well-developed plants 
almost outweighs the work of potting up numerous plants which later show themselves 
to be susceptible. In any event a well-developed root system is a prerequisite for good 
production of pods and seeds. 


3. At some plant breeding institutes the testing of seedlings is carried out in water 
in zinc reservoirs using wire netting and filter paper (1 la). This method makes it possi- 
ble to test large numbers of seedlings in the laboratory. However, it would seem to be a 
less convenient method for most private breeders, but one used it very successfully. 


Regarding the different methods it may be said that every breeder can achieve the 
best results by using his own particular method. This involves individual experience, 
for as a rule use must be made of available equipment. It further depends on the in- 
telligence and routine of the available staff as to how many plants can be tested 
simultaneously. Experienced selectors manage to deal with large numbers of plants 
with simple means and in a short time. Testing simultaneously some 10,000 plants 
or more has proved to be quite feasible. 


Environmental conditions. 


The incubation time required is longer at a lower temperature. At 15°C the first 
disease symptoms do not appear until at least ten days have elapsed, and at least two 
weeks should pass before the results of the testing are assessed. With all methods of 
testing this low temperature is preferable, because then the seedlings remain in a good 
condition, allowing them to be transplanted for a rather long time. However, there 
need not be any doubt about susceptibility and resistance between 14°C and 22°C. 
At higher temperatures susceptible plants are attacked locally in stead of being killed. 
Nevertheless the optimum temperature for germination of spores is 28 °C (16a). 


Susceptibility and resistance. 


The specialization of Colletotrichum lindemuthianum explains the differences in 
resistance to the four races of the fungus. In general, bean varieties in the field show a 
higher degree of resistance if they appear to be resistant to more races of the fungus. The 
bean varieties which appear to possess no factors or only a single factor for resistance 
are considered to be extremely susceptible. In the field the apical shoots and young 
pods often die off and a very high mortality of seedlings may also occur, leading to 
complete crop failure. If resistance to two races occurs, damage is often restricted to 
a deterioration in the quality of the pods and seeds harvested. Usually deep-seated 
lesions do not develop so that the seeds are not damaged severely, but superficial 
attacks of the seeds often take place. 

It is, of course, possible that one race of the fungus causes considerable damage 
in one place while another does not affect the crop at all in another place. Where 
there is resistance to three races crop damage in the field occurs only exceptionally, 
and is normally restricted to superficial spots. Occasionally the seeds are heavily 
attacked. Plants which are resistant to all four races indeed remain entirely free from 
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Fig. 10. MATURE PODS OF THE DWARF SNAP BEAN, VARIETY SAXA, SLIGHTLY ATTACKED BY ANTHRAC- 
NOSE DUE TO SUPERFICIAL INFECTION LATE IN THE SEASON. Abnormal symptoms 


Rijpe peulen van het stamslabonenras Saxa, licht aangetast door vlekkenziekte ten gevolge van 
oppervlakkige infectie laat in het seizoen. Abnormale symptomen 


damage under unfavourable conditions. In breeding beans it is therefore desirable to 
select for this highest degree of resistance and if this does not occur in a hybrid 
population, not all the races of the fungus can be used for the test. Every race is 
maintained and increased separately at the 1.P.O. and can be supplied separately to 
breeders, so for testing seedlings any desired race can be used. For example it is 
possible to select exclusively for resistance to beta and gamma, or to alpha, beta and 
gamma strains. In this way it is possible to carry out the selection work in stages, the 
advantage being that breeding material is not reduced to such an extent that other 
selection procedures have to be practised on a limited scale. 
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(£). Rust. Uromyces phaseoli (Pers.) Wint var. typica Arthur 


In the areas where pole beans are grown, rust annually causes great damage, and 
summer or late crops of susceptible dwarf snap beans may often fail in these regions 
as a result. Damage is done through the development of numerous postules on the 
leaves in which the rust-brown uredospores or brownish-black teleutospores are 
produced as a powdery dust. The spores are distributed by the wind and can be 
carried over large distances. The occurrence of numerous leaf infections on susceptible 
bean varieties is due to the uredospores, which cause the leaves to turn yellow and 
wither in the early stages. At temperatures below 16°C pustules with teleutospores 
are produced which can only cause infection after overwintering, e.g. on bean poles. 
New pustules with uredospores are developed at temperatures of 16°-28°C after 
germination of the first uredo-spores. The incubation time is dependent on the 
temperature and takes some 12-14 days. 


Specialization of the fungus. 

Numerous physiological races of the rust fungus have been described (8, 22). In 
the Netherlands at least two different races occur and the runner bean Phaseolus 
coccineus is the differentiating host plant. On assessing a number of dwarf snap beans 
for resistance to rust in the field it appeared, however, that the same varieties were 
consistently susceptible or resistant. This is promising in connection with the breeding 
of new rust-resistant bean varieties. 


Methods for testing. 

It is not yet possible for private breeders to test for resistance artificially since no 
rust spores can be supplied to them as yet, and also because no artificial infection 
method has so far been tried in the Netherlands. Testing in the field is possible by 
sowing beans late in the pole bean regions in the north-eastern part of the Netherlands. 


3. CULTIVATED VARIETIES AND WILD SPECIES AS SOURCES OF RESISTANCE 
(a). Horticultural varieties 


Dwarf snap beans 


Resistance to common and yellow bean mosaic. 


In the Netherlands the late Mr. C. N. VREEKEN Sr. started to select for resistance to 
common bean mosaic before 1940 by crossing with the tolerant Swiss dwarf snap bean 
Enfant de Mont Calme. From this cross he obtained different types and in 1956 he 
introduced the variety Prelude. 

After 1940 other breeders frequently used the American dwarf snap bean, US 5 
Refugee, as a source of resistance to common bean mosaic (30). It soon appeared, 
however, that both these varieties were not sufficiently resistant to Phaseolus-virus 2. 
In addition it subsequently appeared that US 5 Refugee was susceptible to black root 
which was found to be due to hypersensitivity to Phaseolus virus 1 at temperatures 
over 20°C. US 5 Refugee also appeared to be susceptible to stipple streak, halo blight 
and anthracnose. All this led to the variety becoming less popular as a parent, not to 
mention its undesirable vining habit, late development and light-coloured rather 
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tasteless pods. In spite of this, some varieties of snap beans grown today are the out- 
come of crosses with US 5 Refugee, e.g. Furore, Servus, Voorluk, and Widusa 
which, in turn, are now being used as parent plants. 

After 1945 some dwarf French beans attracted attention, for example Abondant 
{— Maireau) and Métis which, in the field, showed a high degree of tolerance against 
\Phaseolus virus 2 and were only slightly damaged by Phaseolus virus 1. By crossing 
with these varieties a fair degree of tolerance to virus diseases could be obtained, but 
(great susceptibility to halo blight and anthracnose again formed an obstacle. 


Resistance to other virus — and fungus diseases. 


In the cold wet summers of 1948, 1954 and 1956 numerous bean varieties gave rise 
to failures as a result of attack by stipple streak, anthracnose and bean rust and, as a 
result, the search for resistance to these diseases was begun soon after 1948. Only the 

German dwarf snap bean Schreiber’s Imuna seemed most resistant and it is therefore 
understandable why this variety became highly valued as a parent. Resistance to 
anthracnose in the laboratory, however, was not as good as in the field and this is 
because Schreiber’s Imuna is very susceptible to the delta-race and also to the 
gamma-race in slight degree as well. In testing numerous dwarf snap beans no variety 
sufficiently resistant to the delta race was found. From the results of testing Haricot 
beans it had become known, however, that resistance to this race could be found in 
some “horticultural”’ beans!) Besides the German variety Bo22 from the collection of 
Prof. dr. W. Ruporr, Köln-Vogelsang, appeared to be resistant to the delta-race. 
Later still more varieties with this resistance were found, e.g. the white-seeded Haricot 
bean Kaboon (which appears in the Dutch List of Varieties of Field Crops). 


In 1955 the dwarf snap bean Processor came into vogue in the Netherlands because 
of its productiveness and also owing to its great resistance to virus diseases. In 1956 
it appeared in the field that the variety was very susceptible to halo blight and anthrac- 
nose; this was already known from laboratory tests. The variety proved, however, to 
be resistant to rust. The consumption quality of Schreiber’s Imuna and Processor is 
not highly appreciated, but it seems possible to select for a good quality in hybrid 
populations derived from crosses with them, particularly when the method of repeated 
backcrossing is practised. This also applies to crosses with Haricot beans. 


Dwarf beans for slicing 

In designing breeding programmes for dwarf beans for slicing one is faced with 
the difficulty that little resistance to the above-mentioned diseases is to be found in 
existing varieties. One is therefore compelled to cross with virus-resistant dwarf snap 
beans on the one hand and also to derive resistance qualities from Haricot beans on 
the other. Dwarf beans for slicing are rarely grown nowadays on account of the great 
risk of crop failure. If varieties could be raised with greater reliability this crop could 
become much more important, especially since these beans can reach a higher pro- 
ductivity level than dwarf snap beans. It would be worth while to harvest the crop 
mechanically if stringless and parchmentless varieties with resistance to the most 
important diseases could be introduced. 

OmScentablen2: 


TABLE 2. SURVEY OF SUSCEPTIBILITY AND RESISTANCE OF CULTIVATED VARIETIES OF DWARF BEANS TO 
SEVERAL DISEASES (Vatbaarheid en resistentie van stambonen) 
R — Resistant, S. — Susceptible (vatbaar), T — Tolerant or slightly susceptible (tolerant of 
weinig vatbaar), V — Very susceptible (zeer vatbaar) 


De Diseases Phaseolus Phaseolus Ra | Pseu- Colletotrichum U 
Ê virus 1 virus 2 : domo- lindemuthianum m 
virus 11 
4 nas p 
| . phaseo- S 
hk kee mesi weeke mosaic eend licola | alpha | beta |gammaj delta | ty 
SNAP BEANS (Stringless — 
without parchment; stamsla- 
bonen) 
Dubb. Witte z.dr. (a). . . R S Vv 4 Vv it S R R S 
Enfant de Mont Calme . . R T R S S S S S S S 
Prélude (b) . . R 1e R dt Tt S S 7 jd S 
U.S. 5 Refugee S R R S S S S S S S 
Ranger S R R S S S S S S S 
Furore (c) nek S R SL S S T S R R S 
Widusa (d) . . . S R S-T Vv S dl S R R S 
Voorluk (©) . . S R R S Vv s Ss R-S S S 
Luca (f) S R S S V S S R R S 
Servus (d) Vv R R S S-T S S R-S S S 
Wade S R R S 2 S S S S S 
Topmost . . S R R S S S S S S S 
Processor S R R Db T S S S S S 
SARA MAM ETE R 9 R S S zE R-S S S S 
Golden May (2) . . R S R S S T R-S S S S 
Favorit (h) .. .. R S R S S S R-S S S Ss 
Probator @). . . R S-T R S S zE S R R S 
Imuna (j) R S-T R T R S R R R S 
Perfect. . . R VET) Vv V V R S R R S 
Amateur (k) R ST S-T S Vv EE S R R S 
Mignon (D) .. R A R S Vv At S R R S 
FRENCH BEANS: (with strings 
and parchment; vliezige stam- 
slabonen met draad) 
Masterpiece EREN R S R ib R? S S S S S 
Abondant (Maireau) . . R S-T R T R? S S S S S 
Métis NN Rs: R ST R ET R? S S S S S 
Cabanais tardif . . ID ij R E R? S S S S S 
Florida Belle . . S-T R R S R? S S S S S 
Wagenaar S R S R? S S S? S S 
FRENCH BEANS: (for slicing; 
stamsnijbonen) \ 
Noordster (Nordstern) . . R Vv Vv ál S R? R? S 
Coco blanc nain hatif s.f. . S-T R S S-T Ik 4 ij ï 
Kaiser Wilhelm . . E R S-T R? S S ik S R? R? S 
HARICOT BEANS: (Landbouw- 
stambonen) 
Walcherse Witte. . R S Vv Vv Vv R S R? R? S 
Michelite. . . .. R S-T S-T S S-T i S R R S 
ROBUS, em R S-T S-T S S-T T S S R S 
Great Northern. … R R R R S-T ie S S S S 
Red Mexican U 134 . . R IE R S S-T T S S R S 
Kaboon (m) R S R 1b S-T S R R S R 
Krombek R S R T S-T S R R-S S S 
Perry Marrow R S R An id S R R S S 
Wicosta (n) . . R S R S? 2 S S R R S 
Bor. BE peet R S R A0 JE S R S RS: R 
Kievit “Horticultural bean”) R S R Ds Ig S R S R-S R 
Strogele ... En B R S S S S-T S R S S R-S 
Beka (o)nst. … R Vv S S S-T S S S S S 
Bataaf (p) R S S S S-T S S S S S 
Nanko(k) ... R S S S S-T S S S S S 
Red Kidney (g) . R S R S rl Vv R S Ss S 


The letters (a-z) refer to the list of breeders mentioned under table 3. 
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Pole snap beans 


Resistance to virus diseases. 
In breeding for resistance in pole beans attention has first been paid exclusively to 
common bean mosaic. In 1940 the pole bean Mombacher Speck was used as a resistant 
‚parent. This variety also appeared to be hypersensitive to Phaseolus virus 1 during 
‘warm weather. On account of its susceptibility to anthracnose and rust, and also 
owing to the moderate quality of the pods it soon lost its attractiveness as a parent. 
Srom crosses with Mombacher Speck two new-pole beans were developed which were 
resistant to common bean mosaic and also produced pods of a better quality. These 
varieties, called Aromata and Animo, showed some resistance to stipple streak in the 
field. 
After 1945 the white-seeded Stringless Early Blue Lake came to the fore. Its pods 
were of a better quality than those of Mombacher Speck but its resistance to other 
diseases, apart from virus 1, left much to be desired. 


Resistance to fungus diseases. 

In order to introduce more resistance into pole bean varieties it is necessary to cross 
with dwarf “horticultural” beans of the “Kievit’-type. Crosses with the dry shell bean 
varieties Bo 22 and Kaboon may also lead to good results. In the F,, as well, dwarf 
snap beans can be selected. On account of the susceptibility to common bean mosaic 
and halo blight of all these parent plants it is desirable for the other varieties to be 
resistant to these diseases. 

In growing pole snap beans it may be expected that more and more competition 
will be experienced from mechanically-harvested dwarf snap beans. Therefore it is 
desirable to raise varieties which do not develop parchment or strings, are not difficult 
to pick, and which produce a high yield in a short time. 

Undoubtedly there will be a need for a resistant stringless pole snap bean (of the 
Blue Lake type) with rather long thick, soft and fleshy pods occurring in clusters. The 
interest taken in the Dutch stringless pole snap bean Aromata points in the same. 
direction. 


Pole beans for slicing 


Resistance to virus diseases. 

There are only a few breeders working on pole beans for slicing with the purpose of 
raising resistant varieties. However, to obtain good results crosses should be made with 
dwarf ““horticultural’”’ beans of the “Kievit”’-type in order to secure sufficient resistance 
qualities. As in the case of dwarf snap beans only resistance to common bean mosaic 
was at first considered. In this connection use was made of the German pole bean 
Mombacher Speck as far back as 1940 but apart from the lack of qualities mentioned 
above, the thick round pods were considered undesirable, since commercial growers 
require a slicing variety with broad flat pods (sword type). By contrast the processing. 
industry prefers pole beans with round or oval pods for slicing, since varieties with 
really flat sword-like pods generally soon develop a parchment layer. The Dutch 
consumer terms this bad quality „„razors’”’ and yet the flat pods used for slicing are 
still very popular on the fresh market. 


VZ 


N. HUBBELING 


The varieties Infra and Supra are two new pole beans for slicing which are resistant 
to common bean mosaic. They are both derived from crosses made between the 
varieties Verschoor and Mombacher Speck and were introduced together under the 
name Combine. However, because they have little resistance to other diseases, new 
parent plants were soon being sought. The German pole bean Blauhülsige Speck 
appeared to be slightly resistant to yellow bean mosaic and stipple streak, and from 
a hybrid population derived from it, the variety Bébé was raised, which possesses 
about the same resistance qualities. A rapid development of the parchment-layer of 
its almost stringless pods is still an unfavourable feature of this variety, should 
picking be delayed. 

In view of the desirability of raising stringless and parchmentless pole beans for 
slicing, particularly for the processing industry, attention was drawn to the Swiss pole 
bean Wachs Rheingold, the more so since this variety appeared to be resistant to 
common bean mosaic and only slightly susceptible to yellow bean mosaic and stipple 
streak. On the other hand it is very susceptible to halo blight and anthracnose. The 
almost tasteless weak yellow pods are also not popular with breeders. Despite this, 
promising hybrids have been obtained with this type of wax-podded, stringless broad 
sword pole bean without parchment. It may be expected, therefore, that in the future 
stringless green and almost parchmentless pole beans for slicing with a fair resistance 
to diseases will find a place amongst the varieties available. By the creation of string- 
less and disease-resistant dwarf beans for slicing which do not develop parchment and 
can be harvested mechanically, only very early and very late crops of pole beans for 
slicing will eventually remain important. 


Resistance to fungus diseases. 


Before that time arrives, however, resistance to anthracnose and rust will have to be 
introduced by crossing. Due to lack of resistant parent material this resistance has 
to be sought for in ““horticultural” beans or other resistant dry shell beans (see page 
125). To secure greater resistance it is necessary to cross parchmentless and stringless 
pole beans for slicing and parchmented stringy dwarf beans. Although it is easy to 
make such crosses, to obtain usable beans for slicing purposes it is generally necessary 
to back-cross with pole beans for slicing. 

An additional advantage of this kind of cross is the possibility of selecting, in the 
F,, dwarf varieties of beans for slicing, and even dwarf and pole snap beans. There 
is undoubtedly much less chance of finding resistant dwarf snap beans of good quality 
in this way than in the case of mutual crosses between dwarf beans, but there is more 
chance of practical results than in the case of crosses with wild botanical species. 


(b). Cultivated varieties as field crops 
Dwarf haricot beans 


Some breeders have carried out breeding work for a long time with dry shell beans, 
but interest seems to have been lost for some years owing to the poor results obtained, 
apart from few exceptions. 

Fortunately, new prospects have appeared just in time, and breeding for resistance 
is now also being carried out, for example at the Foundation for Agricultural Plant 
Breeding (S.V.P.), Wageningen. 
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As a contradistinction to the breeding work on dwarf snap beans, the programme 
undertaken in dry shell beans did not start with breeding for resistance to virus 
diseases, but to halo blight. This is because in the western part of the Netherlands 

‚much halo blight occurs in these beans. The cool and moist climate and the prevailing 
‘strong winds encourage a rapid spread of bacteria in the coastal areas where most 
(dry shell beans are grown. 

The first crosses were made again with American parent varieties, namely the va- 
rieties Red Mexican U I 34, Great Northern types and Michelite. The first-mentioned 
variety is a small-seeded purplish-red bean of fine consumption quality with resistance 
to common bean mosaic and halo blight. The two other varieties are small-seeded 

white beans with about the same resistance qualities. These varieties are different to 
the current Dutch varieties in that their vining stems have numerous small leaves. 
They have a prolonged flowering period and produce pods late in the season so that 
it is often difficult to harvest seeds of good quality. Seed quality is also jeopardised by 
a heavy susceptibility to anthracnose. 

It is not surprising, therefore, that no better varieties could be found. The selection 
for resistance to halo blight was carried out successfully, but resistance to anthracnose 
decreased. In susceptible white-seeded bean varieties the slightest attack of the seeds 
by Colletotrichum is conspicuous, so that breeding work was confined to brown beans. 

In wet summers, like those of 1954 and 1956, susceptible brown beans even appear 
to suffer severe damage by anthracnose. One of the large breeding establishments 
therefore attempted to secure resistance to anthracnose by crossing with the American 
wild black-seeded dwarf bean Cornell 49-242 *). It appeared that the resistance to all 
the physiological races of the fungus was due to one single dominant gene, and in 
this case complete resistance could be easily obtained by means of repeated back- 
erossing. Another possibility is to use the parent plants mentioned in the section on 
breeding dwarf snap beans (see page 125). In breeding white-seeded dwarf beans or 
dwarf “horticultural’”’ beans, use can be made particularly of dwarf snap beans as 
parent plants in order to secure resistance to all the races of Colletotrichum. 


(c). White and red runner beans 


In the Netherlands some white-flowering and white-seeded varieties of Phaseolus 
coccineus are cultivated as beans for slicing purposes. This species is extremely 
resistant to many diseases except to halo blight and rust (20, 21). The white-seeded 
runner bean is not only resistant to virus diseases and anthracnose, but also possesses 
reasonable resistance to cold; this is better still in the case of the red-flowering 
varieties. 

Crosses of Phaseolus coccineus are made in numerous European countries. The 
present writer found that the segregating hybrid populations always exhibit extreme 
variations. Great differences in growth habit, form and colour of flowers, pods and 
seeds are conspicuous. 

Resistance qualities also appear to vary greatly in the hybrid populations. The 
diseases sometimes occur in an almost unrecognizable form if resistance is presumed 
to be there. For instance, it was established that yellow bean mosaic can manifest 
itself by symptoms resembling a very slight degree of common bean mosaic. In addi- 

1 See legend of Table 3: Phaseolus vulgaris nanus virides (v). 
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tion the symptoms of Phaseolus virus 2 sometimes take the form of numerous small 
yellow dots in the leaves. In other cases stipple streak caused a red discoloration in 
the nodes but the pods were not usually attacked for another month. In yet another 
case an attack of the roots by stipple streak appeared to occur; this produced a slight 
degree of yellowing and withering of the leaves, and did not allow the virus to be 
identified in these parts. 

Resistance to all four different physiological races of Colletotrichum lindemuthianum 
soon appeared to occur only in a few plants. For a practical breeder it is not simple, 
therefore, to select resistant varieties, which are important for cultivation, by crossing 
with runner beans. Although a sufficient degree of disease resistance can be achieved 
in a different way, runner beans remain important as parent plants on account of 
their resistance to cold. 


(e). Lima bean. Phaseolus lunatus 


The lima bean Phaseolus lunatus is unknown in the Netherlands but represents an 
important crop in America and Southern Europe. Although this species probably 
does not surpass the runner bean so far as disease resistance is concerned, it requires 
such a high temperature that its cultivation in the open is impossible in the Netherlands. 


(£). Wild botanical Phaseolus species 


Phaseolus dumosus 
A botanical species which has been used as a parent plant in the Netherlands on a 


Fro. 11, LEAVES, WHITE FLOWERS AND POD OF PHASEOLUS DUMOSUS 
Bladeren, witte bloemen en peul van Phaseolus dumosus 
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Fig. 12 Fig. 13 
ZIG. 12. RED FLOWERING TYPE OF PHASEOLUS COCCINEUS FORMOSUS WITH SMALL LEAVES AND PODS 
Rood bloeiend type van Phaseolus coccineus formosus met kleine bladeren en peulen 


Fig. 13. SMALL ROUNDED LEAVES, VIOLET FLOWER BUDS AND SMALL PODS OF PHASEOLUS RETUSUS 
METCALEII 
Kleine afgeronde bladeren, violette bloemknoppen en kleine peulen van Phaseolus retusus 
metcalfii 


limited scale is Phaseolus dumosus (1, 8). Its resistance and seed qualities parallel those 
of the runner bean although the species is less cold-resistant. A disadvantage of this 
species is that it flowers and sets pod only with short day length. Its consumption 
qualities seem to be more similar to those of Phaseolus lunatus than to those of Pha- 
seolus vulgaris and Phaseolus coccineus. Yet from crosses with dwarf snap beans and 
dwarf beans for slicing earlier types were obtained which resembled Phaseolus vulgaris 
in numerous qualities. Good resistance to virus diseases and anthracnose was achieved. 


Small seeded Phaseolus species 


Apart from Phaseolus dumosus, real small-seeded wild species were collected in 
Guatamala and Mexico by OLIVER NORVELL, of the Carnegie Institute at Palo Alto 
(California, U.S.A), and, among other species, Ir. R. P. LAMMERS brought back the 
following species from this collection to the Netherlands: Phaseolus vulgaris (wild), 
Phaseolus coccineus var. striatus, Phaseolus coccineus var. formosus, Phaseolus retusus 
forma metcalfii and Phaseolus filiformus. The resistance qualities of these species are 
set out in table 3. From Prof. dr. W. Ruporr, Köln-Vogelsang, we received some 
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TABLE 3. SURVEY OF SUSCEPTIBILITY AND RESISTANCE OF CULTIVATED POLE BEAN VARIETIES AND WILD 
PHASEOLUS-SPECIES TO SEVERAL DISEASES (Vatbaarheid en resistentie van gecultiveerde stokbo- 
nen en wilde Phaseolus-soorten) 

R — Resistant, S — Susceptible (vatbaar), T — Tolerant or slighty susceptible (tolerant of 
weinig vatbaar), V — Very susceptible (zeer vatbaar) 


ES 
De Diseases | __Phaseolus Phaseolus Nico- | Pseu- Colletotrichum 
gan virus 1 virus 2 oee domo- lindemuthianum 
en b virus nas 
Pole Pes 2 stipple |phaseo- 
Bean Varieties dE en mosaic Dn mosaic | streak | licola | alpha | beta [gamma delta 
POLE SNAP BEANS: (without 
parchment; stokslabonen) 
Westlandia (r) R S V V V a S R R S 
Aromata (c) T-S R S S is T S Ss S S 
Phenomen. Been ge S-T S S T S S S S 
Animo (c) S R S S S T S S S S 
Mombacher Speck. . S R S S S du S S S S 
Early Blue Lake (s) S R S S S 1e S S S S 
POLE BEANS FOR SLICING: 
(with parchment and strings; | 
stoksnijbonen met draad) | 
Verschoor R S S S S 1 S R 4 S 
Allervroegste . . R T-S S-T S S Ti S T R S 
Sabre de Malines R 1 S V aj S R IE S 
Combine (c) S R S V TE S ST Jh S 
Romore (©) . . . R At T-S S Vv dk S S R S 
Superba (t) . . R m2 ST S V R S S R S 
Bébé (u) R on R on an E S S T S 
Blauhülsige Speck . . R T R T úk E S S S S 
POLE BEANS FOR SLICING : 
(with or without parchment, 
stringless; stoksnijbonen zon- 
der draad) 
Veense zidennm ten: R S S S S T S ST jm S 
Wachs Rheingold . . R R IE S-T dj S S S S S 
SCARLET RUNNER BEANS 
(Phaseolus coccineus; rood- 
bloeiende pronkbonen) 
Prizewinner A R R R R R S R R R R 
Scarlet Emperor . . R R R R R S R R R R 
WHITE RUNNER BEANS : 
(Phaseolus coccineus; 
witbloeiende pronkbonen) 
Emergo …. R R R R R S R R R R 
Erecta (b) R R R R R S R R R R 
LIMA BEANS (Phaseolus lu- 
natus) 
Italian pole lima bean . . R R R T° R an R R R R 
WILD PHASEOLUS SPECIES: 
(wilde Phaseolus soorten) 
P. vulgaris aborigineus (z). R R R R Î T R R-T än R 
P. vulgaris nanus virides (v) R R S S S T-S R R R R 
P. cocc. formosus (w) R R R R R S R R R R 
P. cocc. formosus (x) . . R R R R S il R? R? KEN, T? 
P. dumosus(y) .... R R R R R s R R RA IBR 
P. retusis f. metcalfii (y) R R R R R R R R R R 
P. filiformis (y) R R R R S R R R R R 
Estimated number of genes 
at least required for re- 
SISCACEMME LO EL ZEN AE 17(4) 2r? | 2r(25) | 2d(23) | 2d(23) Tr 23) 
| 17) 2d(23) 2r 


The numbers in italic type correspond with list of references: d — dominant; r = recessive 


ek 


BREEDING FOR DISEASE RESISTANCE IN BEANS 


seed of Phaseolus vulgaris f. aborigineus. From Dr. Becker, Wybelsum, we received 
‚a black seeded type of Phaseolus vulgaris nanus virides with violet pods. This type 
voriginated from the Department of Plant Breeding at Ithaca (N.Y.) (see Table 3): 
Although resistance to the most important diseases exists in the foregoing wild 
‘species, it has not so far been possible to use them in cross-breeding. In general they 
tare small-leaved pole beans with small seeds. The seeds of Phaseolus filiformus are 
\bardly more than 1 mm in length, and are so heavily wrinkled that they would not be 
recognised as being a bean species. Phaseolus retusis forma metcalfii seldom produces 
pods and seeds in the Netherlands. The form and size of the seeds resemble soybeans. 
From the above it is clear that much labour is involved in transferring other 
„resistance qualities from botanical Phaseolus species into cultivated varieties. However, 
it is with much interest that the results of the breeding work being carried out with 
Phaseolus dumosus as a parent at the Institute of Horticultural Plant Breeding (L.V.T.), 
Wageningen, and the Vegetable Research Station, Alkmaar, are awaited. 


4. DIFFICULTIES AND POSSIBILITIES IN SELECTING FOR RESISTANCE AGAINST SEVERAL 
DISEASES 


(a). Genetical basis of combined resistance 


In table 2 and 3 a survey is given of resistance against six different diseases of some 
tmportant cultivated bean varieties and parent plants used in the Netherlands. Since 
st is often not possible to combine all the desired resistance qualities by means of a 
single crossing, it is always desirable to use parent plants which are resistant to several 
siseases. Combining resistance to a number of diseases implies the combining of a 
fairly large number of genes governing resistance. The actual number can be partially 
determined although it may vary according to the particular parent plant involved. 
A rough estimate of the number of genes governing resistance in most of the parents is 
given in table 3. This number of estimated factors totals 20 and when all these factors 
segregate freely in the F, of a crossing, (22%)? — + 1,000,100,000,000 gene-combi- 
nations are possible. This astronomical number has already been quoted by Erwin 
BAUR (5) in connection with flower characters in a cross between Antirrhinum majus 
and A. molle. If it is assumed that an area of 1 ha is required for growing 100,000 


Legend of table 3. 


Princesse s.f. = Dopp. holl. Prinzess Pp) 
Vreeken’s Zaden, Dordrecht (q) 
Rijk Zwaan, Rotterdam 1) 
Institute of Horticultural Plant Breeding, Wage- (Ss) 


D.J. v. d. Have, Kapelle-Biezelinge 
Michigan Dark — 

Gebr. v. d. Berg, Naaldwijk 
Stringless — whiteseeded = Juli o.F. 


ningen (N. Hubbeling) 


@ 


HL ee 


Ezetha’s —: Enkhuizer Zaadhandel, Enkhuizen 


— Vegetable Research Station, Alkmaar (Tj. Buis- (u) Bulten’s Zaden, Aalten 

hand) (v) Obtained from Dep. of Plant Breeding, Ithaca 
— Nunhem, Haelen, L. (New York) via Dr. Becker, Wybelsum (W. 
— P. Koomen, Spanbroek Deutschland). Seems to be identical with Cornell 
— Van Waveren & De Bres, Hannover-Münde Resist. Dry Shell Bean 49-242 
= Wed. P. de Jongh, Goes (w) — Red flowering type, obtained from O. Norvell, 
= Dr. Schreiber, Braunschweig Carnegie Institute, Palo-Alto (California) via Ir R. 
= Sluis en Groot, Enkhuizen P. Lammers, Wageningen 
= A. R. Zwaan en Zn., Voorburg %) —= Violet flowering type, same origin 
= Joordens, Blerick (Venlo) (y) —= Same origin as (w) and (x). 
= Coöp. Zaaizaadvereniging, Wijdenes (z) —= Prof. Dr W. Rudorf, Köln-Vogelsang 


Centraal Bureau, Rotterdam 
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TABLE 4. PROCEDURES USED IN BREEDING FOR RESISTANCE TO FIVE DISEASES 


DWARF SNAP BEANS: 
Dubbele Witte z.dr. x Kaboon Processor Xx Widusa 


HBC Xx YAD MYS x MHBC 
| me Sani | Seil 
Selection in (F»), Fa, Fa, (Fo) YHABCD X M YSHBC 
Crossing of F; or F4 lines js Serie asen ie 


Selection in F, en F3 only for resistance 
to common bean mosaic, stipple streak, MYSHABCD 
alpha and delta races of Colletotrichum 


DWARF AND POLE BEANS FOR SLICING: 
Noordster Xx Kievit Wachs Rheingold x Veense z.dr. 


H x YSAD M x HBC 
Abee | rel 
Selection in (F»), F3, Fa, (F;) HYSAD Xx MHBC 
Crossing of F; or Fes lines Li ei AE En 
Selection in (FE), Fs, Fa, (F3) SHABCD x MYHABCD 
Intercrossing of F; or Fe, lines LER 
Selection in F, and F3; only for resistance MYSHABCD 
to virus diseases 
POLE SNAP BEANS: 
Aromata X Kaboon Westlandia x Phenomeen 
MSH YAD HBC MH 
rk MEE ete 

Selection in (F»), Fs, Fa, (Fe) MYSHAD X MHBC 
Crossing of F; or Fe, lines NED EE ET NEUN ei le! 
Selection in (F,), F3, Fa, Fs only for MYSHABCD 
resistance to yellow bean mosaic, stipple 
streak and anthracnose 
Indication of resistance to *): 

Common bean mosaic M Colletotrichum lindemuthianum alpha A 

Yellow bean mosaic Y beta B 

Stipple streak S gamma C 

Halo blight El delta D 


bean plants, one billion one hundred million plants would require an area three times 
the size of the Netherlands. An area of more than 10 ha would be required for all 
the homozygotes which could result after segregation. (22% — 1,048,568). Even in that 
case, selection for resistance would be virtually impossible. 


(b). Inheritance of resistance 


Since resistance for several diseases are inherited recessively, many undesirable 
combinations are produced from which more resistant plants may emerge subse- 
quently, and testing the F,, in such cases, may mean the loss of valuable material. On 


1) Capitals in italic: No selection necessary in double cross populations for resistance to the 
concerning diseases. 
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the other hand, with dominant inheritance of resistance a segregation of susceptible 
lants in the offspring should be allowed for, and the homozygously-resistant plants 
should be selected by means of testing. It may therefore be of importance to harvest 
lants separately from the F, generation onwards. However, it is impossible to 
ombine at once all desired features in one line and one should be satisfied to start 
„with a rather small number of genes. 
The following shows the number of undesirable plants which would segregate 
freely for every single plant of a desirable type, as the number of dominant or recessive 
genes in the F, increases: 


Number of factors 1 2 3 4 5 6 7 8 


Number of undesired plants by the 
side of 1 single desired plant in 


case of: 
Dominance REN ST: zi Wig djs 9) 3 5 7 10 
ICCESSIVENESS PINES ee er 3 15 63 255 | 1,023 | 4,095 | 16,383) 65,535 


It follows that it is not difficult to combine at least eight genes in the F, where the 
resistance is dominant. In that event one should think in terms of testing a large num- 
ber of lines for three consecutive generations in order to find one homozygously- 
resistant line. 

If the resistance is recessive it is necessary to select for resistance in the offspring 
af many susceptible plants in order to obtain a sufficient number of plants with the 
desired genetical constitution, for the survey clearly shows that in an F, population of 
1,000 plants there is little chance of finding a single resistant plant with at least 5 
recessive resistance genes. 


(c). The procedure of combined resistance testing 


In carrying out the practical work of consecutive testing for resistance against the 
above-described diseases it appears to be easier to obtain combined resistance than 
would be expected in theory. Among other reasons, this can be attributed to the 
resistance not being absolutely dominant or recessive. 

When the plants are attacked by anthracnose, all transitional stages from healthy to 
heavily attacked can be observed in the affected plants and this is undoubtedly 
associated with incomplete dominance. With other diseases as well, such as yellow 
bean mosaic, stipple streak and halo blight, resistance is presumably inherited reces- 
sively as a rule, and clear differences in attacks on susceptible plants are observable. 

The present writer found from experience that F, plants resulting from crosses 
between susceptible and resistant varieties are less susceptible than the susceptible 
parent plants. In the hybrids which contain the resistance qualities in heterozygous 
form, no dying off is observed as may be the case in homozygously-dominant suscep- 
tible plants. In consequence there is little objection to testing for some tolerance 
against these diseases in the F,. In point of fact in the F3, F, etc. plants with some 
tolerance can be selected as well as ever-increasing numbers of resistant plants, which 


continue to segregate. 
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Combined artificial testing. 

Hence the procedure of selection basically involves the artificial testing of the 
seedlings in the F, for resistance to anthracnose and then assessing the remaining 
resistant plants directly for resistance to stipple streak and halo blight. 

In a small F‚ population this testing results in the use of so much of the available 
material that testing for resistance against common bean mosaic and yellow bean 
mosaic can better be postponed until the F3. In this case the remaining resistant F, 
plants should be increased, preferably under glass in order to prevent infection with 
Phaseolus virus 1 and 2 by apbids. This procedure fits in well with the method of 
growing two or three generations per year under glass. 


Testing partly in the field. 

The remaining plants of large F‚-populations can be exposed to infection in the 
field with Phaseolus virus l and 2, after inoculation with infection material of anthrac- 
nose, stipple streak and halo blight. If a limited amount of hybrid material is to be 
tested for resistance against other virus diseases in the field, the testing for resistance 
to stipple streak and halo blight should be postponed till the F3. In the Fz and F, it is 
preferable to have a large number of lines kept separate in order to be able to ascertain 
which resistance factors have been combined. In the Fz and Fe the testing should be 
continued with the lines in which an insufficient number of homozygously-resistant 
forms occur. 


(d). Intercrossing of lines 


It is not easy to find lines which possess reasonably good quality and which, at the 
same time, are resistant to the five diseases mentioned above. Sometimes there are a 
sufficient number of usable lines e.g. with resistance to anthracnose, halo blight and 
common bean mosaic, combined either with resistance to stipple streak or to yellow 
bean mosaic. It is then possible, by the intercrossing of lines and by subsequent 
testing for the two last-mentioned diseases, to secure resistance against five diseases 
in the consecutive hybrid populations. 

In this case it may be wiser to start from the beginning with two different crosses. 
From one cross, for instance, resistance against common bean mosaic, yellow bean 
mosaic, stipple streak, halo blight and the beta and gamma races of Colletotrichum 
can be obtained at most by selection. From the other crosses, lines can be obtained 
which are resistant to yellow bean mosaic, halo blight, stipple streak and against all 
the races of Colletotrichum. It is clear that in this instance the testing for resistance 
against anthracnose in these crosses should be carried out separately in order to 
prevent one of the two crosses falling a victim to attack by the alpha and delta races 
of this disease (see Table 4). 

In conclusion it can be stated that it is not difficult to ultimately increase the number 
of resistance genes by purposeful resistance testing from the F, onwards to such an 
extent that plants can be selected with at least resistance to 4 diseases. In order to be 
able to reach resistance to 5 diseases at least the two F; or Fe lines should be inter- 
erossed as they both contain mainly the same resistance genes. The few lacking 
resistance genes of one line should be compensated by resistance genes of the other 
and vice versa. 
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SUMMARY 


Since there is now sufficient evidence regarding the symptoms of the most impor- 
tant bean diseases in Western Europe, these can serve as a basis for resistance testing. 
This study led to the development of testing methods which are useful for private 

breeders. 

The resistance department of the Institute for Phytopathological Research (L.P.O.) 

gives information on this subject and supplies the infection material required. 

Resistance-genes were traced by testing numerous cultivated varieties and wild 

species. In addition, more data became available concerning the inheritance of 
resistance, after testing numerous crosses at private breeding establishments and 
official plant breeding institutes. 

The following diseases and testing methods are described: 


1. Common bean mosaic and black root. Phaseolus virus 1 


Testing can be carried out by sowing in the second half of May or in the beginning 
of June. Seeds, infected with virus, should be sown next to beans to be tested, while a 
sufficient number of aphids should be available for the transmission of the virus. In 
the coastal areas of the Netherlands aphids are far less numerous, so it is generally 
necessary to test artificially by sap inoculation of the seedlings. Black root can only 
be transmitted in this way at temperatures above 30°C. Grafting of diseased material 
on to the plants to be tested is too laborious for private breeders, at least for the time 
being. Testing in the field for resistance to black root should be carried out all the 
same in the southern, central and eastern parts of the country. 


2. Yellow bean mosaic. Phaseolus virus 2 
When a sufficient number of winged aphids is available, testing can be carried out 


by sowing beans next to rows of infected gladioli in the second half of May or in 
early June. Artificial inoculation of seedlings can be brought about by the use of sap. 


3. Stipple streak. Nicotiana virus 11 

Apart from sowing in infested soil the plants can be tested by inoculating seedlings 
with diluted sap from diseased plants. A healthy and vigorous root system can be the 
proof of resistance provided that the aerial parts of the plant develop no disease 
symptoms. 


4. Halo blight. Pseudomonas phaseolicola (Burkh.) Dowson 

Seedlings or pods can be tested for resistance by four inoculation methods with 
a bacterial suspension of the causal organism. The most reliable estimation of 
resistance is based on the development of “greasy’’ spots on leaves and pods. The 
development of chlorotic “halo spots’ is mainly dependent on a temperature of 
below 20°C since they are not caused by the bacteria themselves but by toxins which 
they excrete and which are apparently sensitive to temperature. 


5. Anthracnose. Colletotrichum lindemuthianum (Sacc et Magn.) Scrib. 


Seedlings can be tested in tubes with cotton wool plugs by inoculating with a 
suspension which, according to the resistance to be expected, contains spores of the 
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different physiological races (alpha, beta, gamma and delta). In order to allow the 
spores to germinate the inoculated plants are kept at 100% humidity for three days, 
maintaining a temperature of between 14°C and 22°C. Trays or boxes with seedlings 
are sealed with glass or plastic. Three days after inoculation the seal can be removed. 
but the temperature should not vary much above or below the range mentioned. By 
potting up all plants tested after three days there is little risk of poor growth in conse- 
quence of bad root development. This is often the case when planting is done after 
the appearance of disease symptoms, especially when the beans are planted under 
field conditions. 

From table 3 it appears that it is often not possible to combine a sufficient number _ 
of resistance genes by making a single cross. Resistance to the delta race of Colleto- 
trichum should be derived from hard shell beans which are partly susceptible to races 
against which resistance is easily to be found in varieties used in horticulture. 


Apart from aiming at complete resistance to anthracnose, new prospects of, re- 
sistance breeding are possible through the inheritance of resistance. It appears that 
some 20 genes should be combined to attain resistance to the most important diseases 
including rust, for which so far in Europe no resistance-test has been evolved. 
Allowing these 20 genes to segregate freely would require an area three times that of 
the Netherlands in order to find a single plant with the desired features. By purposeful 
resistance-testing from the F, onwards, the number of resistance genes can be raised 
gradually to such an extent that plants can be selected in which at least resistance 
to 4 diseases occurs. In order to reach resistance to 5 diseases, which is provisionally 
aimed at as a maximum, two lines of the F; or Fe with comparable resistance factors 
should be crossed reciprocally. The lacking resistance genes of one of the lines should 
be compensated by resistance genes of the other line and vice versa. 
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SAMENVATTING 


Nieuwe aspecten omtrent het kweken op ziekteresistentie van bonen (Phaseolus vul- 
garis L.) 


Aangezien thans voldoende zekerheid bestaat over de symptomen van de belang- 
rijkste bonenziekten in W.-Europa kunnen deze als basis voor de resistentietoetsing 
dienen. Daarbij werden toetsmethoden ontwikkeld, die bruikbaar zijn voor particu- 
liere kwekers. De resistentieafdeling van het L.P.O. verschaft hierover voorlichting en 
levert het benodigde infectiemateriaal. 


Door toetsing van talrijke cultuurrassen en wilde geniteurs konden resistentiegenen 
worden opgespoord. Bovendien kwamen meer gegevens beschikbaar over erfelijkheid 
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van de resistentie na de toetsing van tal van kruisingen bij particuliere kweekbedrijven 
n officiële veredelingsinstellingen. De toetsmethoden en ziekten, die hierboven wer- 
den behandeld zijn de volgende: 


1. Rolmozaïek en zwarte-vaatziekte. Phaseolus virus 1 


Toetsing kan geschieden door uitzaai in de tweede helft van mei of in het begin 
van juni. Naast de te toetsen rijen bonen dienen dan met virus besmette zaden te 
worden uitgezaaid, terwijl voldoende gevleugelde bladluizen voor het virustransport 
dienen te zorgen. Dit laat in de kuststreken vaak te wensen over, zodat daar kunst- 
matige toetsing door sapinoculatie van kiemplanten nodig kan zijn. Op deze wijze 
kan zwarte-vaatziekte alleen worden overgebracht bij temperaturen boven 30°C. 
\Enting van zieke plantedelen op te toetsen planten is vooralsnog voor particuliere 
| kwekers te omslachtig, zodat toetsing te velde op resistentie tegen zwarte-vaatziekte 
‚in het zuiden, centrum en oosten van het land dient te geschieden. 


2. Scherpmozaïek en topsterfte. Phaseolus virus 2 


Te velde kan bij aanwezigheid van voldoende gevleugelde bladluizen gemakkelijk 
getoetst worden door uitzaai in de tweede helft van mei of in juni naast rijen besmette 
gladiolen. Kunstmatige toetsing kan geschieden door middel van sapinoculatie van 
kiemplanten. 


3. Stippelstreep. Nicotiana virus 11 


Behalve door uitzaai in besmette grond kan gemakkelijk getoetst worden door 
inoculatie van kiemplanten met sterk verdund sap van zieke planten. Een gezond en 
krachtig wortelstelsel kan de bevestiging zijn van resistentie, indien de bovengrondse 
plantedelen geen ziektesymptomen ontwikkelen. 


4. Vetvlekkenziekte. Pseudomonas phaseolicola (Burkh.) Dowson 


Kiemplanten en peulen van bonen kunnen door 4 inoculatie-methoden met een 
bacteriesuspensie van de ziekteverwekker worden getoetst op resistentie. De betrouw- 
baarste beoordeling van de resistentie is gebaseerd op de ontwikkeling van vetvlekken 
op bladeren of peulen. De ontwikkeling van chlorotische ““halo vlekken” is sterk ge- 
bonden aan een temperatuur, die beneden 20° ligt, aangezien deze niet door de bac- 
teriën zelf, maar blijkbaar door temperatuurgevoelige toxinen (door hen afgescheiden) 
worden veroorzaakt. 


5. Vlekkenziekte. Colletotrichum lindemuthianum (Sacc et Magn.) Scrib. 


De toetsing van kiemplanten geschiedt in glazen buizen met wattenproppen door 
inoculatie met een suspensie, die naar gelang van de te verwachten resistentie sporen 
bevat van physiologische rassen behorende tot de onderscheiden groepen alpha, beta, 
gamma en delta. Teneinde de sporen tot ontkieming te brengen, worden de geinocu- 
leerde planten 3 dagen bij 100 % vochtigheid gehouden, waarbij de temperatuur 
tussen 14° en 22°C dient te blijven. Zaaitesten of kistjes worden met glas of plastic af- 
gesloten. Drie dagen na de inoculatie kan de afdekking worden verwijderd, maar 
dient de temperatuur niet ver boven of onder het genoemde traject te stijgen of te 
dalen. Door na drie dagen alle getoetste planten op te potten, loopt men het minste 
risico een slechte groei tengevolge van een slechte ontwikkeling van het wortelstelsel 
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te krijgen. Bij uitplanting na de ontwikkeling van ziektesymptomen is dit dikwijls het 
geval, vooral indien te velde wordt uitgeplant. 

Uit tabel 3 volgt, dat het dikwijls niet mogelijk is door het uitvoeren van een enkel- 
voudige kruising voldoende resistentiegenen te combineren. De resistentie tegen delta- 
physio’s van Colletotrichum dient ontleend te worden aan enige hardschillige land- 
bouwstambonen, die ten dele vatbaar zijn voor physio’s, waartegen resistentie in het 
tuinbouwsortiment van bonen gemakkelijk is te vinden. 


Behalve met de aldus te verkrijgen volledige resistentie tegen vlekkenziekte worden 
nieuwe perspectieven van de resistentieveredeling geopend door de erfelijkheid van 
de resistentie. Het blijkt, dat men naar schatting 20 genen bijeenbrengen moet om 
resistentie tegen de belangrijkste ziekten te verkrijgen, meegerekend de roest van bo- 
nen, waarvoor in Europa nog geen resistentietoets beproefd werd. Bij een vrije 
splitsing van deze genen zou men een oppervlakte van 3 X Nederland nodig hebben 
om l enkele plant van de gewenste hoedanigheid te vinden. Door doelbewuste 
resistentietoetsing van de F, af kan echter het aantal resistentiegenen geleidelijk zo- 
danig worden opgevoerd, dat planten kunnen worden geselecteerd waarin ten minste 
resistentie tegen 4 ziekten voorkomt. Om het voorlopig gestelde maximum van 
resistentie tegen 5 ziekten te kunnen bereiken dienen 2 lijnen van de Fs of Fc onder- 
ling te worden gekruist, die grotendeels al dezelfde resistentie bezitten. De nog ont- 
brekende resistentiefactoren van de ene lijn moeten echter worden gecompenseerd 
door resistentiegenen van de andere en omgekeerd. 
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INTRODUCTION 


It is an undeniable fact that it is difficult for a breeder of fodder crops to adapt his 
breeding-plan to the special requirements of animal nutrition. 

Without doubt it remains worth while to increase the level of production, the 
resistance to plant diseases and to improve unfavourable and observable features. 
The breeder is inhibited by the intricacy of the components influencing the feeding 
value, because he needs methods of measuring these components in his numerous 
lines or families, too small in quantity to be considered as foodstuffs. The breeder was 
satisfied, if he could measure starch equivalent and protein in his material, and now 
he is aware of the fact the science of animal nutrition esteems the limited calculations 
about starch and digestible protein content less important than balanced nutrition in 
which minor deficiencies of minerals, vitamins, aromatie components, etc. and their 
mutual relations, play a much more important part than the old data of starch 
equivalent and digestible protein. 

If the breeder of forage crops wishes to follow this trend of development, he must 
try to adapt his methods to the final requirements of consumption. 

Agricultural practice suggests many methods for the breeder. Scientific literature 
indicates possibilities for micromethods appropriate for small quantities of food- 
stuffs and Russian investigators have published valuable detailed research on this 
subject. The testing of their methods to determine small quantities of protein, sugar, 
oil, alkaloids, cumarin, fats and cellulose, is a fundamental task for a breeder, whose 
interests require micromethods. 


Itis, however, far beyond the scope of this paper to report about these investigations. 
The reader is referred to this literature quoted at the end of this paper (1). The breeder 
should make up his mind to separate the desirable from the realizable points of view, 
and to appreciate the practical suggestions. He may then formulate his programme. 


THEORETICAL DISCUSSION 


In our opinion the practice of feeding animals is lagging behind science and the 
breeding of fodder crops lags again at a considerable distance behind the practice of 
feeding. 

A breeder therefore must be anxious to accept without criticism practical suggestions 
for his breeding programme. He must take into account the possibility that practical 
suggestions may not agree with the scientifical research. 
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There is a good example of the urgency, emphasised by practice in the Netherlands, 
(to pay attention to increased protein content in fodder plants by appropriate selection 
programmes. In general there is a shortage of protein in the home produced crops for 
animal feeding on the Dutch mixed farms. A demand exists to increase the protein 
level in the crops, not only by applying technical measures, but also by breeders 
selection work. 

Suggestions are not only made to increase the protein content of crops cultivated 
for the purpose of protein supply, such as grasses, clover, cabbage, fodder peas, 
tupins, turnips, but also for crops cultivated for total nutritive energy, such as pota- 
toes, in which the total amount of nitrogen is low. 

The breeder must realize that “feeding standards are not exact statements of 
nutritive requirements designed for practice, but that they also allow a factor of 
safety for individual variability, and their values must be higher than the minimum 
requirements under optimum conditions. They are not complete statements of 
nutritive requirements because they usually only deal with protein and total nutritive 
energy. The needs for mineral and vitamins and the question of protein quality must 
also be taken into account“ (MAYNARD, 9). This is very important. 

The facts quoted above warn the breeder against following practical suggestions 
too rapidly when the results may be too uncertain. The suggestions may have a 
theoretical background, but the results of a breeding-programme based thereon may 
be disappointing, because the results are negatived by the other exterior circumstances. 
influencing nutrition. 

We vindicated the opinion (7) that it is a good beginning for the breeder to start 
with the determination of protein values in his fundamental material in order to 
obtain information about the variability of this valuable component. The breeder 
will be forced later on to pay attention to other nutritive factors. It is however our 
opinion that it would be more practical to investigate variations in protein content in 
crops that are primarily grown for protein production and that selection for protein 
in crops grown for starch production is not worth while. 

This consideration is based on the theoretical calculation that the total yield of 
protein per acre obtained by increasing the protein content of protein-poor crops, for 
example cereals and potatoes, is not realised as a separate yield of protein, but rather 
that the increase occurs with a much larger quantity of starch. It cannot be fed 
separately and it depends on the total quantity of fodder supplied whether the animal 
will profit from this increase of protein. 

This will be explained by the following example. If the protein content of cereals is 
increased by selection from the normal 8%, to 12%, representing an increase of 
50%, the profit per hectare (with an average yield of cereals of 3,000 kg) may be 
calculated at 120 kilos protein. This seems significant and worth while but it must 
not be overlooked that this quantity of protein is not yielded separately but rather 
that it is combined with a much larger quantity of starch. 

In the feeding of bacon pigs (of approximately 60 kg) daily with 2.5 kilo concen- 
trates, consisting of 2 kilo of ground cereals, 160 grams of cereal protein are normally 
provided and with the protein rich selection 240 grams, of a total requirement of 
nearly 360 grams. This seems a valuable suggestion to breed for protein rich cereals if 
the animal could profit from this supply. 
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It might be similarly reasoned for potatoes, although the protein content is much 
lower than in cereals, and the profit of a relative increase of protein is also less. 
It is important, however, to check these theoretical considerations by a trial. 


\ 
PRACTICAL TRIALS TO TEST THESE THEORETICAL SUGGESTIONS 


a) Protein poor products 


It is sometimes possible to have lots of cereals grown under different circumstances 
with divergent protein contents e.g. brewing barley. We succeeded in receiving two 
lots of barley of 7.9% and 11.2% protein through the intermediary of the Dutch 
National Committee for Brewing Barley (Nationaal Comité voor Brouwgerst). 

DAMMERS of the State Experimental Station at Hoorn, in a feeding trial with pigs, 
tested whether these differences of protein content would be perceptible in practical 
feeding. In this trial the protein contents of the rations were kept low in case the 
favourable influence of the barley protein should not assert itself. 

DAMMERS (2) reports as follows: “After an introduction period of 4 weeks, 24 pigs 
of the Dutch land-race type were divided into two similar groups. The rations in the 
first half of the feeding period for group 1 consisted of A meal, with barley of 11.2 % 
protein, and for group Íl of A meal, with the same quantity of barley of 7.9 % protein. 
When the pigs had an average weight of 50 kilos, the A meals were substituted by B 
meals with barley of 11.29 and 7.9 % protein respectively. The composition of the 
meals was as follows: 


TABLE 1. COMPOSITION OF THE MEALS IN THE FEEDING TRIAL WITH PIGS 


Al All BI BI 

Barlevameal(749 0) neen 680 700 
Barleysmeal (AMS 29/5) ee 680 700 
Wheat bran and middlings. . 100 100 
Fishumealwne nt mans A 65 65 
IMeatmeals ee 50 50 
Gorn meal Me 100 100 50 50 
Ve MEAl meer AN: 100 100 
Coconut oil meal... ... | 45 45 
Alfaltameal Ss re 40 40 
Graässimmeal lint in 40 40 
Mineral Ue sm 15 15 15 15 
Vit.-A-D3 preparation . .. 0.5 0.5 

1,000.5 1,000.5 1,000 1,000 
Proteincontentmennn nn 15.4 1343 | 132 11.6 


From table 2 it is clear that there is no difference between the results of feeding 
with meals, which consist either of barley with high protein, or of low protein content. 
The difference in consumption, especially in the A period, in favour of barley with 
high protein, is not significant. The slaughter quality gave no practical difference, or 
at best a slight advantage in favour of the barley with low protein content. 
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TABLE 2. RESULTS OF THE FEEDING TRIAL WITH PIGS 

gi ee ae eik bee ve ERE 
I (high protein) I (low protein) 
or kt 


average dnitialweieht nen oant on enten 26.8 26.5 
Average initial weight at the change ration A to 
ME EGEREE e SAON Atah ente zol 54.5 54.5 
kaveragennalweighte enten Ibos GERSlks le £ 87.0 89.5 
| Daily gain 
dArietnpAnperlodin eer en Alen eenn 0.603 0.610 
durinesBperlodha ne en nd a 0.609 0.600 
_Consumed meal per kg growth 
dümngsAsperiodee mvg AAE rar Taas erkend 3.03 3,16 
AUG BIOEH OTE Ae ne kee REN: 4.08 4.09 


In discussing the results DAMMERS writes as follows (2): “In the trial the protein 
contents of the rations were kept low. The protein content of the ration with barley 
of 7.9 % was nearly on the minimum level under which it is not allowed to descend. 
At the ration levels where the ration of group I was on the minimum level and the 
ration of group II contained too little, a difference between the results of the two 
groups might have manifested itself ín favour of group 1. 

In the practice of feeding, however, the protein content of the rations must be 
sufficiently above the minimum level to avoid the risks of some of the components 
mixed in the concentrates, having lower contents of essential nutrients than is expec- 
ted. In the ration for group Ll, a normal margin was present but not for group IL. 
Apart from this, in these trials, a higher quality of barley was used up in the rations 
than is usually the practice”. 

DAMMERS is of the opinion based on the results and further considerations, that the 
protein content of barley is of little importance in the practice of pig feeding. In our 
opinion a supplementary trial should be set up in which the ration with high protein 
is just on the minimum level, and the ration with low protein below it. In this way 
only can it be determined whether the difference in protein content has little if any 
value. 

It would be wise for the breeder to await the results of this trial, before he starts a 
breeding project to increase the protein content in crops with low protein content. 

This subject has yet an other interesting aspect. The breeders of barley were con- 
fronted with two different tasks: breeding varieties for animal-feeding and for 
brewing. The first types should contain a high protein content, and the latter a low 
protein content. It would appear that both tasks are incompatible. In the light of 
proceeding observations it is probable that there is no incompatibility at all. 

Brewing barley needs a certain content of protein for the development of yeast 
but not too high. Fodder barley should contain theoretically a high content of pro- 
tein, but perhaps this is not relevant for feeding at all. The final solution of the pro- 
blem is very important for the breeders of barley in particular and for breeders of 
fodder crops in general. 
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b) Protein rich products 

The second point, increasing the protein content in crops cultivated for protein 
supply, seems much more profitable for the practice of animal nutrition. A further 
problem is dealt with here. Since it is not possible to measure the digestible protein 
content of every line or family directly, the crude protein (6.25 x N) is determined 
by the KJELDAHL method. 

The Agricultural Experimental Station at Hoorn had an interesting experience 
with mixed grasses yielded for hay and green fodder and demonstrated that there is 
a narrow correlation between the crude protein content and the directly determined 
digestibility by wethers (3, 4, 6). 

The breeder should know, however, whether this also holds for separate varieties 
with diverging protein contents, before he applies the KseLDAHL method for his lines 
and families. As the Station at Hoorn was interested in this problem to determine the 
correlation between crude protein and digestible crude protein content in grass species 
and grass of leys, DIJKSTRA investigated this subject. 

He reports as follows (5): The feeding-value of different grass species and of the 
grass grown on leys was studied by the use of chemical determinations and digestibility 
trials with wethers. This research concerned Westerwolths ryegrass from a plot at 
Hoorn and from two plots at Oostelbeers, Perennial rye grass, haytype and meadow- 
type from C.I.V. Ottersum, Orchardgrass from two plots at Sterksel and one plot 
of C.I.V. Ottersum, and Red fescue from a plot of CI.V. Ottersum. The protein 
contents, chemically determined, are given in Table 3. 


TABELE 3. PROTEIN CONTENTS OF DIFFERENT GRASSES 


Westerwolths ryegrass ESE CUD a A en 16.23 
Westerwolths ryegrass Seconds eUtErn ge REA KEE Ae l EOETR AOE SATE MARS 9.17 
Westerwolths ryegrass fausthweutting: zeten elit are tE 17.89 
Orchard grass TSC CUUNG SE eit BET tar BE et 13.84 
Orchard grass SECOND OOLNE Sd err A AN 13.42 
Orchard grass iov ge ele ive Ve maa heh taat. Her 16.39 
Perennial ryegrass (meadow type) fiESKOUFGIG he  LEIEAE  AUnLE EEN EE ONE TAD ENE 6.93 
Red fescue second: eutting: a His ta st ITU arn en 16.82 
Perennial ryegrass (haytype) ArstCUtbin Ernie arl dig Heek rine Barn Ar En 9.24 


It is clear that there were sufficiently diverging contents of protein to trust in the 
results. The first cuttings of Perennial ryegrass were yielded during a dry period, and - 
this probably explains the low contents. As to the chemical composition it could be 
demonstrated that ín this grass too, the crude and true protein content in the dry 
matter decreases and the crude fibre content increases when the grass grows older. 
From the results of the digestion trials it was found that these changes in chemical 
composition were connected with a decrease in digestibility. Consequently there was 
also a decrease in feeding value. 

DijksTRA demonstrates that in general the digestible crude protein content as well 
as the starch equivalent of samples of Orchard grass, Westerwolths, Perennial ryegrass 
and of grass from leys can be calculated in the same way as those of samples of grass 
from permanent pastures. In the sample of Red fescue the digestible crude protein 
content as well as the directly calculated starch equivalent lay far below the values, 
found with the given regression formulae. This may be due to the fact that the Red 
fescue was yielded in autumn. 


146 


DATA FROM RECENT RESEARCH IN ANIMAL NUTRITION 


It will be important to repeat the trial with spring grown Red fescue since the 
preeder who tries to breed adapted Red fescue varieties for dry soils (cf 8), must know 
whether chemically determined protein values are reliable as to nutritive value. 

The breeder may find in this investigation the indication that the chemically 
determined protein contents in his variable material of grasses, give a reliable measure 
(or nutritive value. 


In conclusion we feel obliged to express our thanks to Messrs. DiJKSTRA and 
DJAMMERS for the performance of these investigations which are so important for 
breeders. 


SUMMARY 


Preliminary investigations as to the practical influence of increased protein content 
in barley on the nutritional value of concentrates supplied for pig feeding, indicate 
that this influence is not very important. 

At first it does not seem attractive for the breeder to develop selection plans with 
the aim of increassing the protein content in protein poor crops. It seems probably that 
the aims for breeding brewing barley and fodder barley are not incompatible as 
brewing barley must contain some protein for the development of yeast and a higher 
protein content is practical irrelevant for fodder barley. 

Research into the digestibility and feeding value of grass species shows that the 
greeder may have confidence in the chemically determined protein contents as a 
measure of the real nutritive value. 


SAMENVATTING 


Voor de kweker van voederplanten belangrijke gegevens 
van recent veevoedingsonderzoek 


Verhoging van eiwitgehalte in gerst schijnt voor de kweker een weinig aantrekkelijk 
object te zijn in verband met het practisch resultaat dat ervan verwacht kan worden. 

Het kweken van gerst voor brouw- en voederdoeleinden tegelijk, is niet onverenig- 
baar. Hogere eiwitgehalten, die ongewenst zijn voor de brouwerij, hebben waarschijn- 
lijk voor de practische veevoeding toch weinig nut. 

De chemische bepaling van eiwit in afzonderlijke grassen biedt een betrouwbare 
maatstaf voor de werkelijk voedingswaarde. 
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1. INTRODUCTION 


The share of home-bred varieties in the cultivation of cereals in the Netherlands 
differs greatly. Whereas the growing of winter barley has been based always on home- 
bred varieties (more established varieties being superseded by new ones bred from 
hybrid populations), the growing of winter rye has been based on the German variety 
Petkus winter rye for many years. 

For winter wheat it is conspicuous that an invasion of foreign varieties in the last 
century, after 1900 was followed by a rapid extension of Dutch varieties which in their 
turn have been superseded by foreign varieties of late years. Dutch spring wheat va- 
rieties also had to give place to foreign varieties. 

In this article an historical survey is given of wheat breeding in the Netherlands, as it 
was done for flax, potatoes, oats, peas and winter barley in previous issues (DE HAAN, 
DS, 910). 


2. THE WHEAT VARIETIES GROWN IN THE Í9TH CENTURY 


A survey of the wheat varieties grown in the 19th century was given by D. TROOST 
(15), at the time farm manager of the Institute of Agricultural Plant Breeding, Wage- 
ningen. 

At the beginning of the past century local varieties were grown of the ordinary 
white-seeded and red-seeded wheat. In the river clay soils local varieties of the red 
“ris” wheat were grown and in the south-west Zeeuwse Witte. The local varieties of 
the ordinary red-seeded and the red “ris” wheat were fairly winterhardy; the “ris” 
wheat, like the Zeeuwse Witte, had a good baking quality. 

After 1840 the Wittington wheat from England was grown. Numerous foreign va- 
rieties were tested but the Dutch local variety Zeeuwse Witte was grown all over the 
country around 1860. 

In the second part of the last century when wheat breeding in England prospered, 
some English wheat varieties were grown in this country, among others Squarehead 
(red) and the Essex varieties (white). Squarehead spread especially in the province of 
Groningen, Essex in the western provinces where white-seeded varieties were greatly 
preferred. The Zeeuwse Witte was superseded while in the river clay areas the “ris” 
wheats were maintained. 

In the Netherlands only little work was done in the field of plant breeding prior to 
1886. 

In 1856 D. VAN WEEL AZN (Ooltgensplaat) selected ears from an English variety. In 
this way he obtained Witte Dikkop (White Squarehead). However, wheat breeding 
proper did not awake until 1886 when L. BROEKEMA made his first wheat crossings with 
a, breeding purpose. The result was that after 1900 Dutch white-seeded wheat varieties 
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were grown. For many years the cultivation of wheat was almost entirely based on 
home-bred varieties. 


3, THE AWAKENING OF WHEAT BREEDING IN THE NETHERLANDS 


About 1880 the breeding of new varieties of agricultural crops had been successful in 
some countries. In particular the attention given to English and Scottish wheat varie- 
ties in this country must have stimulated the lecturers of the Government Agricultural 
School, Wageningen, at the time to cross various varieties in the hope of being able to 
select varieties from the resulting populations which combined the favourable proper- 
ties of the parents. In 1886 L. BROEKEMA, Director of the above-mentioned school and 
also lecturer of field crop husbandry and cattle breeding crossed Squarehead and 
Zeeuwse Witte (1, 2). He wrote: “I chose for the cross the Zeeuwse wheat which for its 
quality and good yield has been favoured for years already in many parts of this coun- 
try and also abroad and which is very suitable for our soils and our climate. It has 
been in high favour for many years: in Zeeland and in Vlaanderen (Belgium) it held a 
dominant position in former times. It had to give way to more productive varieties. 
In my crossing 1 wanted to profit from its quality and aimed at a Squarehead type 
(productive, sufficiently winterhardy, sturdy, Square-head ear) with a good baking 
quality.” 

Zeeuwse Witte and Squarehead were crossed in two ways. From the crossing with 
Squarehead as mother resulted the Spijk wheat (Zeeuws type), from the reciprocal 
cross the Duivendaal wheat (Squarehead type). 

The Spijk wheat was soon superseded by new varieties, the Duivendaal wheat was 
maintained longer. In 1889 BROEKEMA crossed Spijk wheat back to Squarehead and 
from this cross resulted Wilhelmina wheat. He chose an F3 plant for the backcrossing 
and did so because he was still uncertain whether the original cross would produce a 
good variety which sufficiently agreed with the Squarehead type. He hoped to achieve 
this by back-crossing. That he succeeded may appear from the fact that Wilhelmina 
wheat obtained from the backcross was the most widely distributed wheat variety in 
the Netherlands for 30 years. 

It is an interesting historical point that BROEKEMA, from the beginning of his work, 
adopted the principles already applied to cattle breeding in earlier years. He selected 
his plants on the basis of appearance, production, parentage and offspring. Conse- 
quently he always chose individuals as starting material, the progenies of which were 
compared among each other and with standards; the best offspring were retained and 
from these he chose new lines (3). In a second article (2) on his wheat-crosses, written 
in 1899, he reported that his best varieties owed their creation to the fortunate choice 
of one single plant. 

Pioneering work was also done by Dr. O. Prrscn (teacher in field erop husbandry at 
the Government Agricultural School, Wageningen) and J. H. MANsHoLT (Westpolder) 
who in 1896 put the breeding work proper into the hands of his son R. J. MANSHOLT. 
They also practised line selection from the beginning (12). 

The great appreciation of the pioneering work of MANSHOLT became manifest in 
1914 when in commemoration of the 300-th anniversary of the Government 
University at Groningen an honorary degree of biology was conferred on R. J. MANS- 
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HOLT. At the beginning of the same year the founder of the breeding establishment had 
died and no doubt it was the object to honour the father in his son. 

L. BROEKEMA received an honorary degree of agriculture from the Agricultural Uni- 
versity in 1921 for his great merits in the field of plant breeding. In 1912, with the foun- 
dation of the Institute of Agricultural Plant Breeding, Dr. PrrscH was appointed Direc- 
tor of this station. The names of BROEKEMA, MANSHOLT and PirscH are indissolubly 
associated with the history of wheat breeding in the Netherlands. 


4. DUTCH WHEAT BREEDERS 
Prof. Dr. L. Broekema 


In the previous section it was already stated that BROEKEMA performed crosses in 
1886, aiming at the creation of varieties of direct usefulness to agriculture. He succeed- 
ed in raising Duivendaal winter wheat and Spijk winter wheat. From a cross made in 
1889 between (Squarehead x Zeeuwse Witte) Xx Squarehead he obtained a selection 
which in 1901 was named Wilhelmina and which became widely distributed. 


Fie. 1. PRoF. DR. L. BROEKEMA (1850-1936) 


When the Ist Descriptive List of Varieties appeared in 1924 the variety Wilhelmina 
was described as the most widely grown wheat variety in the Netherlands. 

A particular feature of Wilhelmina wheat was that with its maintenance always a 
few different lines were blended. BROEKEMA was of opinion that through this procedure 
Wilhelmina wheat was better adapted to different conditions of soil and climate. 

In this List of Varieties were also included his wheat varieties Algebra [Wilhelmina 
x Willem I (Hallet’s Victoria x Witte Dikkop)], Emma (Wilhelmina x Essex) and 
W x EP (Wilhelmina x Essex). The latter was named Juliana in 1931. In 1925 the 
variety E x WCIa was included for the first time and named Jacob Cats in 1927. Alge- 
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bra and Jacob Cats both were deleted from the List in 1935; Emma was written off in 
1938, but Juliana became widely grown so that Wilhelmina lost ground and was writ- 
ten off in 1949. 

Juliana wheat in later years experienced competition from other Dutch and foreign 
varieties as appears from figure 6. In 1954 Juliana was deleted from the List. 

From the foregoing it appears that BROEKEMA used Wilhelmina wheat as parent in 
his crosses. This is understandable since a breeder tries to counteract the defects of his 
own variety by attempting to add favourable properties with the aid of crosses. BROE- 
KEMA lived to see his Juliana wheat become a great success. 

Other breeders have also used Wilhelmina as a parent in their crosses, while line 
selection was also practised in the variety itself. Apart from the varieties Juliana, 
Emma, Algebra and Jacob Cats, the following varieties are derived from Wilhelmina: 
Imperiaal a; Millioen 1; Millioen III; Robusta; Prins Hendrik; Kruisingsangel; 
Wilobo; the Swedish variety Blanka spring wheat and many Italian varieties (Ardito, 
Varrone, etc.). By line selection from Wilhelmina have been obtained the Danish 
varieties Trifolium, Ideal and Invicta, among others. 

Various private breeders received hybrid populations from L. BROEKEMA. This was 
even so in 1889 when MANSHOLT received material from which he developed Witte 
Dikkop 1. 


Dr. O. Pitsch 

Prrscr, like BROEKEMA, had already crossed the variety Zeeuwse Witte with Square- 
head prior to 1890. The varieties derived from that cross were not widely grown. He 
was more successful with the Bordeaux-hybrid (also designated as Witte Bordeaux or 
Essex-hybrid), derived from a cross between Ruwkaf Essex and Rouge inversable. 


Fio. 2. PROF. DR. O. PrrscH (1842-1939) 
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PrrscH transferred his material to the Institute of Agricultural Plant Breeding, 
Wageningen, of which he was director. His varieties Imperiaal a and Millioen UI 
were the most successful ones, while apart from Bordeaux-hybrid also Willem I 
(Challenge X Squarehead) was grown to some extent. 


Institute of Agricultural Plant Breeding, Wageningen 


The Institute of Agricultural Plant Breeding undertook the maintenance of the 
Wilhelmina and Juliana wheat varieties of L. BROEKEMA. _ 

The following wheat varieties were placed on the List of Varieties on the name of 
the Institute of Agricultural Plant Breeding in 1924: Imperiaal [la (Premier x Wilhel- 
mina), Millioen UI (Willem 1 x Wilhelmina) and Matador. 

In 1928 the two last-mentioned varieties were deleted from the List, while in 1930 
Batauwe (Essex hybrid x Gelderse) and Concurrent ((Willem 1 x Wilhelmina) x 
Wilhelmina) were placed on the List. However, they were withdrawn again in 1934 and 
1935, respectively. In 1935 Prins Hendrik (Iduna x Millioen III) was placed on the 
List, a variety which was grown to some extent on good sandy soils. It maintained its 
place on the List until 1951. 

The Institute of Agricultural Plant Breeding has distributed numerous hybrid popu- 
lations of wheat to private breeders in the course of years. This was not only the case 
when, through particular circumstances, the material of a breeder had been lost but 
also in order to increase the number of populations or to offer young breeders an 
opportunity to achieve speedier results. 


Plant Breeding Station Dr. R. J. Mansholt, Westpolder 


J. H. MANSHOLT at first applied himself to seed production. The purification of 
varieties led automatically to line selection or selection in hybrid populations. In 1889 


Fi. 3. J. H. MANSHOLT (1840-1914) 
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MANSHOLT received material of the young hybrid population Zeeuwse Witte Xx Square- 
head from L. BROEKEMA. From this cross he raised Lange Witte Dikkop (Witte Dik- 
kop D from which the Korte Witte Dikkop was obtained by line selection. The latter 
excelled in straw stiffness. 

Mansholt’s Witte Dikkop I and the variety Mansholt’s Witte Dikkop II derived 
from the former by line selection were placed on the Ist Descriptive List of Varieties. 
In 1932 followed Wilobo (Wilhelmina Xx Obotriten) which was highly winterhardy. 
When this variety was deleted from the List in 1941, a new variety of Dr. R. J. MANS- 
HOLT was included, viz. Lovink (Carsten V x Juliana) which was satisfactorily winter- 
hardy. 

Dr. MANSHOLT also developed some spring wheat varieties. Mansholt’s Japhet spring 
wheat was selected from Blé Japhet of Vilmorin and introduced in 1906. In 1924 this 
spring wheat was placed on the Ist List of Varieties. It held its position until 1929. In 
1925 Mansholt’s van Hoek Spring Wheat (Japhet X Gironde), a red-seeded variety, 
was put on the market. It became a very successful variety. 


Fi. 4. Dr. R. J. MANSHOLT, 
WESTPOLDER, WHO AT THE AGE OF 81 HAS STILL UN UNREMITTING INTEREST IN PLANT BREEDING 


For many years this was the leading variety of spring wheats. It was withdrawn in 
1955. 


Also a white spring wheat was created, viz. Mansholt’s Witte (Blé hybride de la 
Paix x Blé des Alliés), which figured on the List from 1931-1951. 
Prof. ir. H. K. A. H. Mayer Gmelin 


MAYER GMELIN (1873-1952), professor of field crop husbandry at the Agricultural 
University at Wageningen took a great interest in plant breeding. In 1924 his Kruisings- 
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angel (awned line from the cross Gelderse ris X Wilhelmina) was placed on the 1st 
List. In 1926 followed Wageningen wheat (Millioen 1 x Weibull’s Iduna) and in 1928 
Robusta wheat, derived from the same cross. However, none of these varieties became 
widely grown. 


Plant Breeding Station P. J. Hylkema, Mensingeweer (Gr.) 


In 1925 Hylkema’s Victoria wheat (Iduna x Wilhelmina) was placed on the List and 
deleted in 1930. In later years this breeder. has worked particularly on other field 
crops. 


M. J. Dings, Roermond 


From material of the local varieties of “ris” wheat M. J. Dings selected the variety 
Elisabeth. This variety was placed on the List in 1942 and held its place until 1956. 


Plant Breeding Station of the Central Bureau, Hoofddorp 


In 1942 Staring C.B. (Vilmorin 23 x Juliana) was placed on the List. This white- 
seeded winter wheat has gained ground on Juliana, but it lost part of its area to foreign 


varieties after some time. It is still one of the most widely grown varieties in the 
Netherlands. 


Frio. 5. IR. C. KOOPMAN, DIRECTOR OF THE PLANT BREEDING STATION C.B., HOOFDDORP 
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Dr. ir. S. Smeding, Schagen 

When Dr. SMEDING was Director of the Government Agricultural School at Schagen 
he developed the Waard and Groet wheat by line selection from Imperiaal Ia. It was 
placed on the List in 1927 and withdrawn in 1934. The Association of Seed Growers 
Waard en Groet, Kolhorn, undertook the maintenance. 


Wiersum Seed Company, Groningen 

In 1947 Titan (line selection from Saint Pierre) was placed on the List, in 1950 De- 
meter (line selection from Mendel) and in 1954 Tavero, derived from a wheat-rye 
crossing (Bersée x Brandt's Marien rye). However, none of the varieties mentioned 
has covered a significant area. 


M. Rademakers, Bant (North-East Polder) 
In 1953 Mado (Juliana Xx Joncquois) was placed on the List. This is a red-seeded 
wheat. 


In the foregoing survey the breeders were mentioned who have or had one or more 
varieties on the List. The following private breeders are now attempting to breed wheat 
varieties: 


Plant Breeding Station, “Centraal Bureau”, Hoofddorp. 

Plant Breeding Station C.L.V., Ottersum. 

Plant Breeding Station G. Geertsema Seed Company, Groningen. 

Fa. D. J. v. d. Have, Royal Seed Growers & Merchants, Kapelle-Biezelinge. 
Plant Breeding Station P. J. Hylkema, Mensingeweer. 

Plant Breeding Station Luidenburg, Warfhuizen. 

Plant Breeding Station Dr. R. J. Mansholt, Westpolder. 

Plant Breeding Establishment M. Rademakers, Bant (N.O. Polder). 
Wiersum Seed Company, Groningen. 

Z.P.C., Leeuwarden. 


5. THE FOUNDATION OF THE S.V.P. 


In order to give more information and aid to Dutch breeders the Government estab- 
lished the Foundation of Agricultural Plant Breeding (S.V.P.) in 1948. The collection 
of initial material, the composition and narrowing of wheat populations and research 
on breeding methods are now under way, while also initial material has been distribut- 
ed to wheat breeders. Details on this work will be published in Euphytica in due 
course. 


6. NETHERLANDS GRAIN CENTRE 


In 1955 the Netherlands Grain Centre (Secr.: Dr. S. BROEKHUIZEN) was founded. 
This Centre should be considered a “subject association” for all cereals which were 
entered upon the ten year plan for cereal research. 

Among the projects for wheat breeding can be mentioned: 
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1. Execution of a comprehensive crossing programme on the basis of our information 
on “genitors”’ (to be carried out by the S.V.P.). 

2. Research on climatic resistance (to be carried out by the S.V.P.). 

3. Improvement of the baking value of our wheat varieties (to be carried out by the 


S.V.P. and the Cereals Department of the Central Institute for Nutrition Research 
T.N.O.). 


Also other wheat problems are included in the working programme, as for instance 
the problem of germ rest and sprouting in the ear, ripening diseases of wheat, the 
yellow rust problem of wheat. 

The Netherlands Grain Centre has been also appointed as committee of advice for 
cereal research and thus votes on the distribution of money made available in behalf of 
the ten-year plan. 


7. THE WHEAT VARIETIES DURING THE YEARS 1933-1956 


Winter wheat 


While in 1933 half of the Dutch wheat growing was based on, Wilhelmina wheat and 
for three quarters on Dutch varieties, the varietal range of 1956 shows a quite different 
picture (Fig: 6). Only 33 % in 1956 are home-bred varieties. 

The loss of ground of Wilhelmina was a result of the extension of Juliana which 
became the leading variety. Juliana, in its turn, had to yield ground to Staring and the 
Belgian variety Alba. Also the Belgian variety Minister was grown. The white-seeded 
varieties Staring, Alba and Minister met with a keen competition of the red-seeded 
winter wheat Heine VII which spread rapidly and in a short time covered 81 % in 1955 
of the total area under wheat. In 1956, however, the percentage dropped to 43 %, 
Staring gaining ground once more. This turn is clearly shown in figure 6. 
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FIG. 6. VARIETAL RANGE OF WINTER WHEAT VARIETIES 1933-1956 
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Heine VII also became a keen competitor of the winterhardy varieties Carsten V, 
Lovink and Mendel which had maintained themselves for many years. 


Spring wheat 

Also the varietal range of spring wheat (Fig. 7) shows an interesting picture of the 
shifts which have occurred in the assortment. While in 1933 90 % of the total area was 
covered with the red-seeded Van Hoek, the Swedish white-seeded variety Blanka be- 
came a keen competitor. Mansholt Witte held its position for many years. This was 
also the case with the German variety Carma. After a short period during which the 
German variety Koga was grown, the German variety Peko was introduced and it 
covered 99 % of the total area under spring wheat in 1956. 
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Fig. 7. VARIETAL RANGE OF SPRING WHEAT VARIETIES 1933-1956 


In conclusion it can be stated that the Dutch breeders are seriously endeavouring to 
regain ground, but… honour to whom honour is due, Heine’s Saatgutwirtschaft, 
Schnega, Hannover, Germany, is the breeder of the leading variety, both of winter 
wheat and of spring wheat. 


8. MAINTENANCE OF VARIETIES 


In Euphytica a general article was published on the maintenance of self-fertilizing 
crops (6), while HENDRIKSEN (11) reported his experiences on the maintenance of Alba 
winter wheat in the Netherlands. 

Line selection gives typical lines; multiplication of lines which are typical represen- 
tatives of the variety produces breeder’s seed ; breeder’s seed produces elite! seed, which 


1) SIEBENGA (14) proposed the following designation for seed of field crops in relation to seed 
evaluation: Breeder’s seed — elite seed — original seed — once grown original seed — twice grown original 
seed — more often grown original seed. He defined in this series of following generations breeder’s 
seed as the propagating material obtained by the first fusion of lines multiplied separately for three 
or four years. 

In the Netherlands the second generation of breeder’s seed is put on the market by the breeder as 
“‘original seed”, 

The third generation, obtained by multiplication of “original” seed of the breeder is put on the 
market by others under the name of “once grown original seed”. 
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n its turn produces original seed which is put on the market. In the case of young va- 
ieties more lines will be combined to breeder’s seed than with older varieties. The 
breeder obtains sufficient data only in the course of years which enables him to choose 
he best line or lines. 


9. SEED PRODUCTION IN THE NETHERLANDS 


In order to demonstrate seed production of wheat 1 have included a survey of Sta- 
ing wheat covering the period 1942-1955. 


TABLE 1Î. NUMBER OF HECTARES COVERED BY THE VARIETY STARING FOR SEED GROWING 


Later grown generations 
Harvest $ 
years OE Noreen Total of 
Once grown Twice grown later grown 
grown 5 
generations 
| 

1942 10 13 — — 13 
1943 29 zjil 25 — 9% 
1944 77 274 71 29 374 
1945 114 480 153 20 653 
1946 190 930 1205 91 2226 
1947 180 715 416 129 1260 
1948 265 1906 1001 132 3039 
1949 236 1831 460 29 2320 
1950 239 1358 325 10 1693 
1951 123 1098 524 28 1650 
1952 122 1140 246 Di 1407 
1953 92 553 187 11 751 
1954 36 223 162 19 404 
1955 57 133 451 52 636 


From the table it appears that the amount of seed (particularly once-grown original 
eed) introduced by others exceeds by many times the amount of original seed pro- 
luced by the breeder. However, the wheat breeder receives a remuneration which is 
jased on the amount of once-grown, twice-grown and more often grown original seed 
f his variety which, as certified seed, is being put upon the market by others. 


SUMMARY 


In 1886 L. BROEKEMA (Wageningen) laid the foundation for wheat breeding in the 
Netherlands. He succeeded in breeding Wilhelmina wheat (1901) and later Juliana, 
vmong other varieties. 

About the same time J. H. MANSHOLT (Westpolder) and Dr. O. Prrscu (Wageningen) 
tarted their wheat breeding programmes. 

It should be stated that these pioneers practised line selection in hybrid populations 
rom the very beginning. 

Among the other wheat breeders mention should be made of Dr. R. J. MANSHOLT 
Westpolder) who, among other varieties, developed Wilobo and Lovink winter wheat 


159 


H. DE HAAN 


and Van Hoek and Mansholt Witte spring wheat. The Breeding Station C.B. (Hoofd- 
dorp) bred the variety Staring, M. RADEMAKERS (Bant, N.E. Polder) Mado, the Seed 
Company Wiersum (Groningen) Titan, Demeter and Tavero. 

It appears from the varietal ranges (Figs. 6 and 7) that at present foreign varieties 
are widely grown. However, wheat breeding in the Netherlands has not fallen asleep; 
at some breeding establishments large-scale breeding programmes are under way. 


SAMENVATTING 
De tarweveredeling in Nederland 


In 1886 legde L. BROEKEMA (Wageningen) de grondslag voor de tarweveredeling in 
Nederland. Hij slaagde er in o.a. de Wilhelminatarwe te kweken (1901) en later de 
Julianatarwe. 

Ongeveer tezelfder tijd begonnen J. H. MANSHOLT (Westpolder) en Dr. O. PITSCH 
(Wageningen) met de tarweveredeling. 

Het verdient vermelding dat deze pioniers reeds in de aanvang lijnselectie in krui- 
singspopulaties toepasten. 

Van de overige tarwekwekers dient genoemd te worden Dr. R. J. MANSHOLT (West- 
polder) die o.a. de Wilobo en Lovink wintertarwerassen en de Van Hoek en Mansholt 
Witte zomertarwerassen kweekte. Het Veredelingsbedrijf C.B. (Hoofddorp) kweekte 
de Staringtarwe, M. RADEMAKERS (Bant, N.O. Polder) de Mado tarwe, het Landbouw- 
bureau M. Wiersum (Groningen) de Titan, Demeter en Tavero. 

Zoals uit de rassenstatistieken (Fig. 6 en 7) blijkt, hebben buitenlandse tarwerassen 
thans een grote verbreiding in Nederland. De tarweveredeling is echter niet ingeslapen. 
Op verschillende kweekbedrijven wordt energiek gewerkt aan de tarweveredeling. 
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INTRODUCTION 


For cherry breeding it is important to know the factors governing the growth and 
development of cherry seedlings (4). To this end experiments on the influence of the 
photoperiod were started in the phytotron of our Institute. Some of the results have 
been published in a previous paper (7). It was found that in a number of first-year 
seedlings the duration of growth was affected by the photoperiod, whereas this was not 
the case in second-year seedlings. 

However, growth is affected not only by the light conditions, but also by tempera- 
ture. Therefore some experiments on the influence of temperature on the growth of 
cherry seedlings were carried out. Since it is known from the literature (2, 3, 8) that an 
alternation of temperatures within a 24 hour’s cycle may increase growth significantly, 
compared with the growth of plants kept at constant temperatures, the effect of both 
day and night temperature was studied. In this paper the results obtained so far will be 
reported and discussed. 


MATERIAL AND METHODS 


First- and second-year seedlings of Limburgse Boskriek (Prunus avium L.) were used 
as test plants. They were grown from seed supplied by the Netherlands Inspection 
Service for Arboriculture (N.A.K.-B). 

The experiments were carried out in air-conditioned glasshouses in the phytotron of 
our Institute. Details of the equipment have been published in a previous issue of this 
periodical (1). 

The effect of both day and night temperature on shoot growth under natural day- 
length conditions was studied. The plants, which were placed on trolleys, were either 
grown at various constant temperatures during the day and night or at the same tem- 
peratures by day (from 8 a.m. till 4 p.m.) but at lower temperatures at night. In general 
the maximum deviation from the mean temperature was about 1°C. Only on excep- 
tionally hot days did the temperature rise in the 20°C glasshouse to about 25°C in the 
afternoon (1). 

The height of the plants was measured at intervals from the beginning of the experi- 
ments until the termination of shoot growth. At the same time the number of leaves 
was counted. Keurs’ application of the “studentized range” method (5) was used to 
find out what temperature treatments resulted in mathematically reliable differences in 
shoot length and leaf number. 
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EXPERIMENTAL RESULTS 


In the first experiment, seedlings of Limburgse Boskriek in their first year of growth 
were used as test plants. They were grown from seed stratified from September 30 until 
December 29, 1953; then the seeds were sown in seed-trays and placed in a coldhouse. 
The young seedlings were pricked off in pots on April 2, 1954. The plants were divided 
into 10 groups on April 27 and grown one at each of the temperature treatments 
shown in table 1. 

All groups of plants consisted of 20 plants except those grown at a day temperature 
of 23°C and a night temperature of 20° or 17°C, which consisted of 19 plants each. 
About 20 plants per treatment agrees with a recommendation of NEUMANN (6) 
based upon a coefficient of variation of the same magnitude as those found in the 
present experiments. 

Table 1 shows that the plants grown at constant temperatures of 17° and 20°C ter- 
minated their growth much sooner than those grown at 23° and 26°C. At 20°C the 
majority of the plants seemed to cease growth somewhat earlier than at 17°C, whereas 
at 26°C termination of shoot growth occurred markedly later than at 23°C. 


TABLE 1. INFLUENCE OF THE TEMPERATURE ON THE TERMINATION OF SHOOT GROWTH IN FIRST-YEAR 
SEEDLINGS OF LIMBURGSE BOSKRIEK (PRUNUS AVIUM L.) 


Temperatures Total number of plants which had terminated growth on the date 
(degrees C) mentioned at the head of each column 

Day Night 14/6918 22/609 8306707 16/7 | 26/7 9/8 16/8 | 23/9 | 20/10 
17 liz 1 3 7Ä 13 19 20 
20 17 = 3 9 13 19 20 
20 20 1 9 13 16 19 19 20 
23 17 — 1 4 8 12 17 17 17 18 19 
23 20 — 2 6 9 12 16 18 18 18 19 
23 Di — D 3 10 1 14 15) 17 19 20 
26 17 1 2 5 6 10 13 18 20 
26 20 1 4 5 12 15 16 16 18 20 
26 23 — — D 3 8 15 16 16 18 20 
26 26 — — — D 3 8 10 14 17 20 


The night temperature had a distinct effect only on plants grown at a day tempera- 
ture of 26°C. At night temperatures of 23°, 20° and 17°C, the majority of the plants 
ceased growth earlier than those grown at 26°C during the day and night. However at 
a night temperature of 20°C termination of shoot growth occurred earlier than at 
23°C, while there was no difference in this respect between the plants grown at night 
temperatures of 20° and 17°C. There was no effect of the night temperature on the 
plants grown at a day temperature of 23°C. In the plants grown at a day temperature 
of 20°C and a night temperature of 17°C termination of shoot growth occurred some- 
what later than in those grown at a constant temperature of 20°C. 

Table 2 shows the average shoot length and number of leaves at the different tem- 
peratures on June 8, 1954, and after termination of growth. The results of the statistical 
analysis of these data are presented in table 3. 
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TABLE 2. INFLUENCE OF THE TEMPERATURE ON GROWTH OF FIRST-YEAR SEEDLINGS OF LIMBURGSE BOS- 
KRIEK (PRUNUS AVIUM L.) 


Temperatures Bn 
(degrees C) June 8, 1954 After termination of growth 
Day Nieht Average shoot | Average number | Average shoot | Average number 
length (cm) of leaves length (cm) of leaves 
17 17 31.5 1) 46.8 18.0 
20 17 38.1 13.9 56.4 19.1 
20 20 42.7 15.2 59.5 20.6 
23 17 42.2 14.8 78.2 2457 
23 20 43.5 15:3 66.4 24.2 
23 23 41.2 15.3 80.4 Ds 
26 17 49.3 15.9 78.3 25.0 
26 20 51.9 17.9 76.5 27.0 
26 23 42.8 16.5 76.4 28.8 
26 26 48.3 17.9 100.0 37.1 


TABLE 3. RESULT OF A STATISTICAL ANALYSIS OF THE FIGURES GIVEN IN TABLE 2, SHOWING WHETHER 
THE DIFFERENCES IN SHOOT LENGTH AND LEAF NUMBER BETWEEN THE TEMPERATURE TREAT- 
MENTS IN THE HEADINGS AND THOSE IN THE FIRST COLUMN ARE SIGNIFICANTLY POSITIVE (+), 
OR NEGATIVE (—), ON A 1% LEVEL 


June 8, 1954 After termination of growth 
Temperatures 
(degrees C) Average shoot Average number Average shoot Average number 
length (cm) of leaves length (cm) of leaves 
Day (AP 2ON 2 SRR 2ORIN 7E 2ONN2 SRI 2 ON LER 2ONI 23E 2 ONZE 2ON 2326 
IN ON I7A S2ONIR2 SPIN ZON ZAP 2ONR2 3E 2 GEITEN 20N 230 2 OEI 2 ONS 26 
lg) 17 Se eN ar dessen stealleedeAdl et zi Ier 
20 17 ik Billen arr 
20 20 — = ae > arken seat 
23 17, — — Sic gel zie 
25 20 — = is se — si 
23 23 — = ie == gren air 
26 17 — - == iT ie 
26 20 — a en 5 el zie 
26 23 — — > ae es RIE 
26 26 — == me cli eos 


Let us consider first the differences in shoot length and leaf number after termination 
of growth. It appears that the plants grown at a constant temperature of 26°C differed 
significantly from all others both in shoot length and leaf number. The plants grown at 
23°C during the day and night also differed in this respect from those grown at lower 
day temperatures (see also Fig. 1). So significant differences in both shoot length and 
leaf number appear to occur only in those cases in which the duration of growth is 
affected either by the day or night temperature (cf. Tables 2 and 3 with Table 1). Now 
it might be questioned whether these differences were only due to differences in the 
duration of growth or whether they were also affected by the rate of growth. From 
table 3 it appears that on June 8, 1954, i.e. before any effect of temperature on the 
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FIG. 1 FROM LEFT TO RIGHT, PAIRS OF FIRST-YEAR SEEDLINGS OF LIMBURGSE BOSKRIEK (PRUNUS AVIUM 
L.), GROWN AT CONSTANT TEMPERATURES OF 17°, 20°, 23° AND 26° C RESPECTIVELY, SHOWING THE 
AVERAGE PLANT HEIGHT AFTER TERMINATION OF GROWTH. THE PHOTOGRAPH WAS TAKEN WHEN 
THE PLANTS HAD DROPPED THEIR LEAVES DUE TO A COLD TREATMENT AFTER TERMINATION OF 
GROWTH. 


duration of growth was noticeable, there were already significant differences both in 
shoot length and leaf number between the piants grown at constant temperatures of 
26° and 23° on the one hand and 17°C on the other, which means a higher rate of 
growth in the former case than in the latter. Although in some cases the final differences 
in shoot length and leaf number between the temperature treatments mentioned above 
are affected by the rate of growth, it appears that they are mainly due to the effect of 
temperature on the duration of growth. 

On June 8, 1954, there were no differences in shoot length and number of leaves 
between the plants grown at different night temperatures but at the same day tempera- 
ture. This was also the case after termination of growth except for the plants grown at 
a constant temperature of 26°C, which differed significantly both in shoot length and 
leaf number from those grown at the same temperature by day but at lower tempera- 
tures at night, obviously as a result of differences in the duration of growth. Conse- 
quently, within the range of temperatures studied in this experiment, there was no 
effect of the night temperature on the rate of growth of the plants. 

At the end of this experiment the plants were transferred to a coldhouse in order to 
bring about leaf-abscission and break the dormancy of the buds. Early in February 1955 
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the plants, which had been cut back to a height of about 10 cm, were placed at a con- 
stant temperature of 20°C for bud break. Only one shoot from the developing buds of 
each plant was retained. 

On February 25, 1955, the plants were divided into 6 groups of 20 plants, in such a 
way that the plants of the first year groups were equally distributed among the groups 
of the second year. A statistical analysis showed that in this way the effect of the posi- 
tive correlation between the final height of the individual plants in their first and second 
year of growth was eliminated. Three groups were grown one at each of the constant 
temperatures 17°, 20° and 23°C. Two groups were grown at a day temperature of 23° 
and at a night temperature of 20° and 17°C respectively. One group was grown ata day 
temperature of 20°C and a night temperature of 17°C. 

Table 4 shows that growth was terminated much sooner at constant temperatures of 
17° and 20° than at 23°C, whereas most of the plants at 20°C ceased growth sooner 
than at 17°C. 


TABLE 4. INFLUENCE OF THE TEMPERATURE ON THE TERMINATION OF SHOOT GROWTH IN SECOND-YEAR 
SEEDLINGS OF LIMBURGSE BOSKRIEK (PRUNUS AVIUM L.) 


Temperatures Total number of plants which had terminated growth on the date 
(degrees C) mentioned at the head of each column 

Day Night 6/4 14/4 | 21/4 | 28/4 | 6/5 13/5791 20/5 "| 27/5 13/6 12016 
17 17 2 5 8 le 19 19 19 19 20 

20 17 4 9 14 20 

20 20 5 10 18 19 20 

23 17 5 10 14 17 19 20 

23 20 1 8 15 il 18 19 19 19 19 20 
23 23 3 3 3 3 3 4 6 14 18 20 


The night temperature had a distinct effect on the plants grown at a day temperature 
of 23°C. At night temperatures of 20° and 17°C the majority of the plants terminated 
their growth much sooner than those grown at 23°C during the day and night. There 
was no effect of the night temperature on the plants grown at a day temperature of 
BOR, 

Table 5 shows the average shoot length and number of leaves at the different tem- 
peratures both after termination of growth and on March 22, 1955, i.e. before any 
effect of temperature on the duration of growth was noticeable. The results of the 
statistical analysis of these data are presented in table 6. 

As the results were similar to those obtained in the experiment with first-year seed- 
lings it will suffice to mention only the conclusions that may be drawn from tables 5 
and 6. It appears that significant differences occurring simultaneously in shoot length 
and leaf number after termination of growth were mainly due to the effect of tempera- 
ture on the duration of growth. Within the temperature range studied no effect of the 
night temperature on the growth rate of the plants was observed. 
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TABLE 5. INFLUENCE OF THE TEMPERATURE ON GROWTH OF SECOND-YEAR SEEDLINGS OF LIMBURGSE 
BOSKRIEK (PRUNUS AVIUM L.) 


Womens March 22, 1955 After termination of growth 
(degrees C) 
k Average shoot | Average number | Averageshoot | Average number 

Day Night length (cm) of leaves length (cm) of leaves 
17 if 63.0 16.9 104.0 2723 
20 17 63.4 17.6 0127 25.4 
20 20 69.5 18.5 95.3 26.4 
23 17 69.1 18.9 99.0 26.9 
23 20 73.8 20.2 105.6 30.0 
23 23 153 20.6 142.0 39.0 


TABLE 6. RESULT OF A STATISTICAL ANALYSIS OF THE FIGURES GIVEN IN TABLE 5, SHOWING WHETHER THE 
DIFFERENCES IN SHOOT LENGTH AND LEAF NUMBER BETWEEN THE TEMPERATURE TREATMENTS 
IN THE HEADINGS AND THOSE IN THE FIRST COLUMN ARE SIGNIFICANTLY POSITIVE (+), OR 
NEGATIVE (—), ON A 1% LEVEL 


March 22, 1955 After termination of growth 
Temperatures 
(degrees C) Average shoot Average number Average shoot Average number 
length (cm) of leaves length (cm) | of leaves 
Day (/ 20 23 17 20 23 17 20 23 17, 20 23 
Night 17 20 23 / 20 23 17 20 23 107 20 23 
17 17 zie ld ie zi 
20 17 la On ln si 
20 20 + + 
23 17 — En + 
23) 20 — — L Ie 
23 23 — = 3 2 st E 
DISCUSSION 


In the previous section it was shown that first- and second-year seedlings terminated 
their growth much sooner at 17° and 20°C than at 23°C. There was not much differen- 
ce between the effect of 17° and 20°C; probably termination of growth occurred some- 
what earlier at the latter temperature. 

The difference in the duration of growth between 20° and 23°C was greater in sec- 
ond- than in first-year seedlings. Apparently this accounts for the fact that only in 
second-year seedlings did the night temperature affect the duration of growth of plants 
grown at a day temperature of 23°C. 

The difference in the duration of growth mentioned above might be due to differen- 
ces in response between the seedlings in their first and second year of growth. However, 
the experiment with second-year seedlings was started earlier than that with first-year 
seedlings. Therefore it is also possible that differences in the light conditions may have 
had an effect. 

In this connection, it is of interest to compare the influence of the natural daylength 
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on the 20°C series with the effect of 8- and 16-hr. photoperiods on first- and second- 
year seedlings grown in previous experiments at a constant temperature of 20°C (6). 
In these experiments the plants received every day 8 hours daylight from 8 a.m. till 4 
p.m.; after transference to air-conditioned rooms, they were either placed in darkness 
or received 8 hours additional incandescent light of low intensity. It was found that 
distinct differences in the duration of growth between the plants grown under 8- and 
16-hr. photoperiods only occurred in first-year seedlings. In the present experiments, 
however, there were no distinct differences in the duration of growth between the seed- 
lings in their first and second year of growth when grown at a constant temperature of 
20°C. Apparently the variation in the duration of growth in first-year seedlings under 
long days is affected by the light conditions. 

Finally it should be noted that in the Earhart Laboratory the effect of both day and 
night temperature on the growth of tomato, Chili pepper and tobacco has been 
studied extensively (2, 3, 8). It was found that at first the rate of growth of the stem was 
highest at fairly high constant temperatures . As the plants became taller, however, the 
optimal night temperature shifted to a lower temperature, resulting in a more rapid 
growth at alternating than at constant temperatures. However, within the temperature 
range studied in the experiments reported in this paper, no effect of the night tempera- 
ture on the growth rate of the plants was observed. 


SUMMARY 


In the phytotron of our Institute the effect was studied of different day and night 
temperatures on the shoot growth of first- and second-year seedlings of Limburgse 
Boskriek (Prunus avium L.) grown under natural daylength conditions. 

It was found that, after termination of growth, significant differences occurring 
simultaneously in shoot length and leaf number between the temperature treatments 
were mainly due to the effect of the day or night temperature on the duration of 
growth. In some cases these differences were also influenced by the effect of tempera- 
ture on the rate of growth. Within the range of temperatures studied, no effect of the 
night temperature on the rate of growth was observed. 


SAMENVATTING 


Invloed van de temperatuur op de scheutgroei van kersezaailingen 


In het fytotron van ons Instituut werd de invloed bestudeerd van verschillende dag- 
en nachttemperaturen op de scheutgroei van zaailingen van Limburgse Boskriek 
(Prunus avium L.) in hun le en 2e groeijaar onder een natuurlijke daglengte. 

Gebleken is dat, na het afsluiten van de groei, betrouwbare gelijktijdig voorkomende 
verschillen zowel in scheutlengte als aantal bladeren tussen de temperatuurbehande- 
lingen in hoofdzaak het gevolg zijn van de invloed van de dag- of nachttemperatuur 
op de duur van de groei. In enkele gevallen werden deze verschillen ook beïnvloed door 
het effect van de temperatuur op de groeisnelheid. In het onderzochte temperatuurge- 
bied werd geen invloed waargenomen van de nachttemperatuur op de groeisnelheid. 
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INTRODUCTION 


The technique used for selection within a hybrid population is determined partly 
by the reproductive mechanism of the crop concerned and partly by the objective 
of the breeding programme. The selection methods discussed in this paper are appli- 
cable primarily to wheat, oats and barley, but may also be used for the improvement 
of other self-pollinating crops. 

Apart from programmes designed to introduce single characters, such as disease 
resistance, into otherwise desirable varieties, a large proportion of the breeding work 
which has been performed in the last fifty years has been carried out according to the 
pedigree method of selection. This method involves the handling and selection of 
individual plants in all generations until the desired degree of homozygosity is at- 
tained, usually ín the sixth or seventh generation. During this process the experienced 
breeder can so mould the material with which he is working as to eliminate the less 
desirable types so that when this period of selection is followed by yield trials, only 
reasonably promising material remains. The purpose of the yield trials which are 
carried out in the following years is therefore to check the efficiency of the earlier 
selection and to distinguish between the very similar progenies derived from it. 

The merits of the pedigree system are clear when consideration is given to the range 
of highly successful new varieties which has been produced by its use. It is, however, 
very dependent on the skill and experience of the breeder in the early stages of 
selection, and greater precision in this process should be possible if the judgment of 
the breeder could be supplemented by quantitative data on the material he is 
handling. In particular, objective data on yielding capacity, and on suitability of 
wheats for milling and baking and of barleys for malting, would be of the greatest 
value. Some modification of the processes of selection is necessary to obtain this 
data, but by the use of suitable statistical techniques, it is possible to grow trials in 
which the yielding capacities of several hundred selections may be compared in F4 or 
F;, that is before any drastic elimination of breeding material has been made. 
Furthermore, the grain produced from such yield trials will be sufficient in quantity 
for determinations of milling, baking or malting quality. The standard errors of the 
yield trials used for the comparison of selections in early generations are necessarily 
high and it may be claimed that the breeder should be able to evaluate his selections 
by eye with as great a precision as can be obtained from such trials. It is certainly im- 
possible, however, to evaluate processing characters such as baking quality of wheat 
by eye judgment with an accuracy comparable with that obtained from laboratory 
tests carried out on grain from replicated yield trials. 

The mass method provides an alternative method of selection which has been used 
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by many workers during the past half century. In this method large plots, which 
receive only natural selection in the field and from which random samples of grain 
are taken each year after harvest, are grown from each cross during the segregating 
generations. Deliberate selection within each hybrid population is delayed until the 
plants of which it is composed are reasonably homozygous, that is, until F, or F,. The 
more promising plants are then selected by eye, but no quantitative measurements are 
taken until the material has been drastically reduced. Again, the usefulness of this 
method is demonstrated by the successful new varieties to which it has given rise, but 
there is a considerable danger that valuable lines may be lost during the random 
sampling of early generation plots, and greater precision could be given to the selection 
process by the use of quantitative measurements at an earlier stage. 

The pedigree and mass methods represent the extremes of a number of systems 
which use selection at different stages in the segregating generations. The problem 
facing the plant breeder resolves itself into two parts — firstly, how to choose the best 
crosses and, secondly, how to choose the best lines within each cross. The pedigree 
and mass methods are concerned primarily with the second part of the problem, 
although selections from different crosses can of course be compared at all generations. 
The first part, the choice of crosses, may be tackled by a careful examination of possible 
parental varieties, by making and studying likely crosses or by a combination of 
both these methods. 

A detailed study of possible parents is likely to be an arduous task unless the num- 
ber involved is small. Yield and other data collected during several years from trials 
grown under various climatic and edaphic conditions must be examined before any 
clear picture of the characteristics of a variety can be obtained. An analysis of the 
components of yield, such as grain weight, number of grains per ear and of ears per 
plant may be useful ín assessing the contributions a particular variety could make to 
the yielding ability of a cross. It must, however, be remembered that examination of 
parents alone will never provide information concerning the combining abilities of 
these parents for polygenically controlled factors such as yield, and since advances in 
such characters are only obtained by transgressive segregation it is desirable to have 
other methods available. 

A procedure now under investigation involves the growing of the F‚ generations of 
possible crosses in trial, together with their parents. This method gains greatly in 
power if the crosses form a diallel series in which a number of varieties are crossed. 
together in pairs in all possible combinations (MATHER, 16; JINKs, 12). The statistical 
analysis then provides estimates of combining ability, degrees of dominance, number 
of effective factors, etc. from which it should be possible to choose parental combi- 
nations showing non-allelic interaction — that is, combinations which may give rise 
to offspring showing transgressive segregation for valuable characters such as yield 
or straw height. It still awaits practical demonstration, however, that the crosses 
which show the greatest promise in F, are in fact those which produce the greatest 
proportion of superior pure lines in later generations, and the method has several 
limitations when applied to the cereals, including the labour involved in obtaining 
enough hybrid grain to sow a replicated trial, even when the plot size is reduced to 5 
or 10 plants. The results of experiments using this technique will be given in further 
publications. 
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It became necessary at Cambridge to evaluate the merits as parents of a large num- 
ber of varieties of winter wheat, mostly of French origin, when these became available 
after the Second World War. Since it would have taken several years to assess them 
adequately it was decided that crosses should be made between some of them and 
certain English wheats and that the crosses rather than the parents should be evaluated. 
The first method used in an attempt to do this was to grow the unselected F, gener- 
ations of several crosses in trials in order to determine which crosses had the greatest 
yielding potential. The trials were repeated in the F; and F, generations. The method 
was a rather insensitive one since the yields of crosses were the sums of the yields of 
individual plants which may have widely differing genotypes, but no estimate of the 
variance of these individual plant yields could be obtained. 


TABLE 1. YIELDS OF UNSELECTED BULKS OF THE CROSS (SQUAREHEADS MASTER X HOLDFAST) X NORD 
DESPREZ EXPRESSED AS A PERCENTAGE OF THE MEAN PARENTAL YIELD 


1951 1952 1953 1954 1955 Mean 

EE tt NER EN 138 138 
Ber 109 102 111 105 107 
[Fr or Re 104 100 103 109 104 
En on te 108 102 104 105 
rd RE AR 99 109 104 
Ber AE 105 105 
INOETIDESpreze nat 106 104 108 118 103 108 
(Squareheads Master x 

Eroldfasten a a. 94 9%6 92 82 97 92 
Standardiertor . > ze 10.2% 41% 4,5% 32405 3.8 % 


The yield data obtained in early generation trials was also subject to distortion as 
a result of heterosis. In order to determine the magnitude of this effect, a series of 
trials was carried out comparing the yields in successive generations of unselected 
bulks of one of the crosses involved in these investigations. The data obtained are 
given in table 1, and showed a very marked degree of heterosis in F, with a 
subsequent rapid falling off until, in later generations, yields were obtained approxi- 
mating to the average of the two parents. It will be seen, however, that these yields 
remained rather higher than the parental mean probably as a result of greater survival 
of the higher yielding progenies within the unselected bulks. 

With the limitations of the method in mind, trials of unselected bulks were used 
to compare the yielding capacities of a group of winter wheat crosses. Unselected 
bulks of ten crosses were compared in F,, F} and F,. The crosses were all designed to 
combine the high yielding capacity of the recently introduced wheats of continental 
origin with the grain quality of hybrids developed at Cambridge. The yield data 
obtained are given in table 2 from which it can be seen that there was a considerable 
variation in the relative yielding capacities of the crosses in successive years. This 
was partly due to the rather high standard errors of the trials concerned and was also 
partly caused by losses due to diseases, in particular yellow rust, which varied 
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TABLE 2. YIELDS OF UNSELECTED WINTER WHEAT CROSSES (%S OF GENERAL MEANS) 
EK EEND EET ROTA TVE EERE EEE Sh 


F, (1951) F; (1952) F, (1953) Weighted mean 
eee OE EEEN, EP ene en ede U Se ee ee 
W298/5A, Xx Druchamp . . . 107 94 105 101 
W298/6A Xx Druchamp . .. 104 | 107 109 107 
W298/5A Xx Eroica. .... 94 102 101 99,5 
W298/6A. x Eroica. .... 93 102 104 100.5 
W298/5A x Jubilegem . . . 103 104 100 102 
W298/6A x Jubilegem . . . 108 102 99 102.5 
W298/6A x Marival .. . . 109 114 107 110 
W298/5A. x Nord Desprez 106 97 111 104.5 
W298/6A x Nord Desprez 115 104 97 104 
W298/6A. X Soissonais . . . 107 97 91 97 
WbDIegemE nrs ene See 90 88 89 93 
W298/5A (Squareheads Master 

DEET OIS RER 90 83 101 91 
W298/6A (Squareheads Master 

DET OIdEASE) RE 18 96 … 88 88 
Significant difference (P 0.05) 15 14% 055% 11% 


considerably in severity from season to season. A statistical analysis of the yield data 
obtained from the three years of trial showed that although seven of the crosses 
significantly outyielded the parents of high grain quality, only two crosses, W298/6A 
x Marival and W298/6A x Soissonais, differed significantly from one another in 
yielding capacity. A corresponding group of spring wheat crosses, involving hybrids 
of the spring wheat Atle with a range of high yielding continental wheats similar to 
those used in the production of the winter wheat crosses discussed above, could not 
be compared by means of unselected bulk trials, since, as a result of their differential 
cold requirement, these hybrids between spring and winter wheats segregated widely 
in their capacity to develop satisfactorily to the earing stage following a spring sowing. 
Since little useful information was obtained from the trials of unselected bulks, 
methods have been used in which selection for yield in early generations is combined 
with selection for other desirable characters. Two such methods of selection have 
been evolved, both of which are adaptable to different numbers and sizes of crosses. 
In one method, referred to as the “F, progeny method”, F, populations of several 
crosses are grown, each amounting to between 2,000 and 3,000 plants. Single plants 
are selected from these, primarily on the basis of straw height and strength and other 
easily determined characters such as earliness and grain type. The number of plants 
kept obviously depends on the standard of the cross as a whole, but rarely exceeds 
10% of the total. Progenies of the selected F> plants are then grown separately, 46 
seeds of each plant being sown. During the F; generation, selection on straw type and 
other field characters is made more intensive, and the better progenies are harvested 
as sheaves without keeping the component plauts separate. The number of progenies 
retained is adjusted by final selection on grain type so that the total from all crosses 
with suitable controls fits one of the designs for cubic lattice or lattice square trials. 
In practice the numbers used have been 216, 125, 121 and 81, but the method is appli- 
cable with either larger or smaller numbers. The selected progenies are then sown in 
the F‚ generation in a yield trial with a minimum of three replications. The seed is 


172 


BREEDING OF SELF-POLLINATING CEREALS 


in B 


—{VISUAL SELECTION 


—{VISUAL SELECTION 


F4 YIELD TRIAL & 
QUALITY TEST 


E YIELD TRIAL & 
7 QUALITY TEST 


5 YIELD TRIAL & 
) QUALITY TEST 


SINGLE PLANT 
SELECTION FROM 


BEST SELECTIONS 
GO TO FIELD TRIAL 


57 
MOST PROMISING 
MATERIAL 
E | YIELD TRIAL & 
8 QUALITY TEST 
E YIELD TRIAL & 
9 QUALITY TEST 
5 YIELD TRIAL & 
fe) QUALITY TEST 


Fig. 1. F, PROGENY METHOD OF SELECTION 


drilled, in order to have as large a representation of genotypes as possible, although 
the total weight of seed derived from any one Fs plant progeny is limited to about 70 
grammes, and even this amount is not always available. The trial provides information 
during the growing season concerning straw type, maturity, disease reaction and 
other characters besides providing an estimate of yield and sufficient grain for small 
scale quality tests. It is repeated during the F‚ generation, using rather larger plots, 
and may also be sown in other parts of the country to give additional information. 
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As a result of these trials, selection for yield, based on two years observations, may be 
made before the F, generation, when a further yield trial of the more promising 
selections is sown, using if possible still larger plots. After the third year of trial, the 
estimates of yield, quality and field type are sufficiently reliable for selections to be 
made with some confidence. It must be remembered, however, that the selections 
which have been examined in this way are not genetically uniform, but by F, consist of 
mixtures of lines, each of which is reasonably homozygous. Selection of the better 
lines within these mixed populations is therefore necessary, and must be followed by 
further trials to show that the selected lines are at least as good, from all points of 
view, as the stocks from which they came. The method is illustrated diagramatically 
in figure |. 

In addition to providing information on the relative yielding capacities of the in- 
dividual selections, it is also possible to use the early generation trials to compare the 
yielding capacities of the crosses from which they are derived, since if the yields of 
the selections from a cross follow the normal distribution, their mean provides an 
estimate of the yielding capacity of that cross with a standard error given by 


YE 
nr 


where E is the error mean square of the trial 
n is the number of replications 
r is the number of selections of the cross concerned. 


The use of the mean yield of the selections as an estimate of yielding capacity of the 
cross assumes that the selections concerned may be considered as representative of 
the F, populations from which they were derived. This is clearly not the case here as 
rigorous selection for desirable field and grain characters was made in F, and F.. 
However, the breeder is not so much concerned with the yields of unselected Fs 
populations as with those of the populations obtained after selection, so that the in- 
formation obtained after the completion of this selection is of considerable value in 
deciding on the treatment of the crosses concerned. 

The use of this technique may be illustrated by reference to selections from eleven 
spring wheat crosses grown in trials during the period 1953-1955. The trials in 1953 
and 1954 consisted of 6 X 6 x 6 cubic lattices containing selections from crosses in 
F‚ and F; respectively, the varieties Atle and Bersee being grown as controls. Most of 
the selections in the 1953 trial were also included in the trial in 1954, though for 
various reasons a few selections were discarded after one year of trial and their places 
taken by others. Only those selections which were included in both trials are considered 
in the following analysis. 

The mean yields of the eleven crosses included in. these trials, and the statistical 
significance of the differences between them, are shown in tables 3 and 4, from which 
it can be seen that the relative mean. yields of the crosses differ little from season to 
season, though the increase in relative yielding capacity of the cross Liberateur x 
Atle may be associated with the fact that unselected bulks of this cross still contained 
plants with some degree of winter habit even as late as F. Similarly the improvement 
in yield from F4 to Fs of the crosses Bersee X Atle and Soissonais x Atle, each 
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‚3. SPRING WHEAT CUBIC LATTICE COMPARISON BETWEEN CROSSES 1953 


© s0 
4 se 
ie A 0 EL, © ) 
Bee Ee 
Cross E & 8 Xx x 2 5 ‚© 2 2 2 5 
ER EE < le 
> De 5 he 2 ko) Sj X ) X Xx 
S 5 ie 3 S 5 8 2 al & 2 8 se 
eee ae 
D Ze Sl A a 2 ca a l\4|2 a | @ Zer 
BOE a Ad ra 296.0 10 ok ok ok ok ak ok ok Ekakod ak ok ok ok ok koko akk ok akk * NS NS 
rid 40 x Atle . . 287.7| 12 EEE EEE INS EN SIEN S 
la X Atle EERS 287.6 5 kad kok ok kok sokok kkk kok sok ok ok NS NS 
NEE 285.0! 10 Bkk | kek | kk | dek dekor | sk | kek ** | _NS 
ns Xx Atle. . 279.3 9 a ok aje kkk koko ek sek ke ek NS 
rival x Atle . . 270.0| 9 rd ** L_NS | NS | NS | NS | NS 
mx Atle …. 5 265,2) 14 Kk * INS | NS | NS | NS 
ssonais x Atle . . 265.0| 27 REG * NS | NS | NS 
see x Atle Kn 264.4| 22 bek KEINS NS, 
ond'or Xx Atle.. 264,3) 22 kb * | _NS 
grateur-x Atle: …… … 260.2| 12 NIS 
zueex W298 x Atle. . 257.6| 25 Re 
t Quin Quin x Atle 244.0| 27 
Jot significant 
Jifference significant at 5% level 
difference significant at 1% level 
zifference significant at 0.1 % level 
4. SPRING WHEAT CUBIC LATTICE COMPARISON BETWEEN CROSSES 1954 
‚© © 
<4 < 
Xx ‚© 5 e) Ke) 0 
Basu diene ets 
Cross a onde x | & 
M=) ® = 5 X < < < He Dr, 
D ® Kz le) bad x il 5 > 
z A js) 6 ® Ee X 3 D Der 
> end le, Med ù 8 Xx d ie he) Xx 
sl e) Ef fl 5 a 2 fel 8 5 Ef E 8 
fav) . Bf le) an in nf KD) (22) E45) Ò © 
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srateur Xx Atle. . 439,4| 12 ke Et nk EE * INS | NS NS | NS 
sonais Xx Atle . . 426.5| 27 Ge ee EEIENS SONS SIENS HENS IENS 
ee Xx Atle 424,1| 22 dk KOINS NS NSI NS | NS 
ERE 423.0| 10 IENS TIENST IENS NSTIENS 
n Xx Atle . 418.3| 14 NS | NS | NS | NS | NS 
is x Atle. . 410.0/ 9 NS | NS | NS | NS 
mvalscAtle e= 4099) 9 NS | NS | NS 
ueex W298 x Atle. . 408.5| 25 NS | NS 
midior Atle . .… 405.1| 22 NS 
(Quin Quin x Atle 399,6 27 
lot significant 
jifference significant at 5% level 
jifference significant at 1% level 


jifference significant at 0.1 % level 
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involving one spring and one winter wheat parent, relative to Brons x Atle and Karn X 
Atle, both parents of which are spring wheats, may be attributed to the action of 
natural selection in favour of plants with spring habit in the former pair of crosses. 
The variation in the relative yield of the controls is probably due to greater vernalisation 
of Bersee by cold weather following spring sowing in 1954, 

From these trials it may be seen, if the method can be relied upon for providing the 
necessary evidence, that the crosses Alma Xx Atle and Hybrid 40 x Atle show the 
most promise and that Petit Quin Quin x Atle, Rogue ex W298 x Atle and Sillon 
d'or x Atle are unlikely to include many high yielding selections. 

It is inevitable with trials in which very large numbers of selections are compared, 
and in which plot size is limited owing to lack of seed, that the standard errors 
involved are rather high. It was in fact found that the standard errors of the differences 
between adjusted mean yields of the 1953 and 1954 trials were 17.2 and 41.3 grammes 
respectively, representing significant differences (P < 0.01) of 16.8 and 248%. A 
highly significant correlation (r — 0.286 + 0.071, P < 0.001) was, however, found 
between the yield figures for individual selections in 1953 and 1954, and on the basis 
of the evidence obtained from these trials the 75 selections showing the most promise 
were chosen for inclusion in 9 x 9 lattice square yield trials at centres representative 
of different spring wheat growing areas of Britain. 

Twenty of these selections were retained for further study after examination of the 
yields obtained in these trials. These were represented in the F, by populations each 
consisting of about 700 plants which were each found, as was expected, to consist of 
a range of phenotypes differing in field and grain characters. The more promising 
single plants were selected, as in the F, generation, but it was evident that further 
trials would be necessary to evaluate their merits. 


An alternative method of selection makes provision for yield trials to be grown while 
pedigree selection is still proceeding. In this method, which is illustrated in figure 2, 
single plants are selected in the F, generation, as previously described, and their 
progenies are sown as spaced seeds in the F3 generation. From the best progenies, 
single plants are selected and the grain from each of these is sown separately in the 
F,. One or more of these progenies is selected for further pedigree work, while the 
remainder are bulked to provide seed for a trial in the F;. This trial will usually con- 
tain about two hundred selections so that cubic lattice designs must be used . Similar 
trials are grown in the F6 and PF, generations, the seed being obtained each year from 
the progeny rows and not from the preceding trial. Thus the question of the con- 
tamination of seed stocks due to admixture with adjoining trial plots does not arise. 
It also follows that the material entering trial each year differs genetically from that 
previously tested as a result of the elimination of the less desirable genotypes. In each 
successive generation, however, the trial stock becomes more uniform, homozygous 
and genetically similar to the corresponding progeny rows, so that, when this method 
of selection, which has been designated the “pedigree-trial method” is used, no 
further selection is necessary after the first series of trials has been completed. The 
time taken to produce a true breeding line of known yielding capacity is thus reduced 
by at least two years, so that the use of this method represents a considerable speeding 
up in a breeding programme. There is however a danger that valuable characters may 
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FIG. 2. PEDIGREE TRIAL METHOD OF SELECTION 


be lost when the choice of single cultures for detailed pedigree work is made. In the 
absence of natural rust attack, for example, a very susceptible culture might be 
selected from a family containing both susceptible and resistant cultures. It may 
also be claimed that, as a result of the reselection taking place each year, the yield 
data obtained from any culture, at least in the earlier years of trial, cannot be con- 
sidered to give a reliable estimate of the yielding capacity of the corresponding culture 
in subsequent years. 

The “pedigree-trial method” has been applied to selections from nine winter 
wheat crosses grown in trial during the period 1954-56. The trials in 1954 and 1955 
consisted of 5 x 5 Xx 5 cubic lattices of selections from these crosses in F; and Fe. 
As in the case of the spring wheat crosses treated by the F, progeny method, highly 
significant differences between parental combinations were demonstrated by these 
trials. The yield figures obtained in the 1954 trial are given in table 5. It is interesting 
to compare these figures with those obtained in the trials of unselected bulks of the 
same crosses (Table 2). It will be seen that the relative yields of crosses in trial as 
unselected bulks agree reasonably well with those of the means of selections of the 
same crosses from the cubic lattice trial, and that the significance of the difference 
between the crosses W298/6A x Marival and W298/6A x Soissonais demonstrated 
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TABLE 5. WINTER WHEAT CUBIC LATTICE 1953/54. COMPARISON OF YIELDS OF CROSS MEANS AND PARENTS 


Bg 
z geth Brlgeane 
aes PES 
8 IES ES Ala 8 
5 Â KARENS SI2I4 
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in the unselected bulk trials is confirmed by the figures obtained in the cubic lattice. 
The sensitivity of the cubic lattice when used to compare cross means is, however, 
very much greater than that of the unselected bulk trials, though the standard error of 
a comparison between crosses depends of course on the number of selections in trial 
of the crosses to be compared. Table 6 gives the standard error appropriate to each 
comparison. 

The parent varieties were included in the 1954 cubic lattice trial, and the yield figures 
obtained are included in table 5. As the parents were only included once in each 
replication of the trial, the comparison of parents with cross means and with each 
other is very much less sensitive than comparisons between crosses. It is interesting to 
note, however, that the mean yield of each of the crosses in trial was significantly 
greater than that of the corresponding parent of good baking quality, W298/5A or 
W298/6A (Squareheads Master x Holdfast selections) except in the case of the cross 
W298/6A x Soissonais, the mean yield of which was significantly greater than that 
of its poorer quality parent, Soissonais. On the other hand the cross means were in 
each case, except that of W298/5A x Druchamp, equivalent in yield to the parent of 
poorer quality but greater yielding capacity. This suggests that the visual selection for 
apparently high yielding plants carried out in F,, F; and F, has been very effective. 

A comparison of the yield data obtained in the 1954 and 1955 cubic lattice trials 
showed a close correlation (r — 0.555 + 0.136, P < 0.001) between the figures ob- 
tained in the two years. This figure is almost identical with that obtained when the 
yields figures for the sixteen control varieties included in both trials were compared 
(r = 0.550 + 0.224, P — .02-05), and indicates clearly that in spite of the reselection 
taking place, the yield data obtained from one year of trial gave a very useful indication 
of the behaviour to be expected from the corresponding culture in later years. 

It is difficult to assess the risk, mentioned earlier, of losing valuable characters for 
which selection is not possible during one season. Such a risk is of course inherent in 
any breeding programme, though it is undoubtedly greater when the less elastic 
selection policy of the “pedigree-trial”’ method is adopted. Some idea of the risks 
involved may however be obtained by considering some data concerning the suscepti- 
bility to yellow rust (Puccinia glumarum) of the winter wheats discussed above. 

During the spring and early summer of 1955, seedlings of each of the varieties and 
selections in that year’s cubic lattice trial were tested for reaction to three races of 
yellow rust. The tests were carried out on the residual seed after sowing the trial as 
there was not sufficient seed available of the reselected stocks being grown that year 
in progeny rows. The tests demonstrated that two hybrid selections were uniformly 
resistant and several others segregating for resistance to the three physiologic races 
used. One of these, race 2B, is considerably more serious under field conditions in 
Britain than the others. As a few cultures showed resistance to this race, it was decided 
to use the limited amount of grain available from the reselected stocks of those 
cultures being grown in progeny rows to make tests of reaction to this race, lest 
potentially resistant selections be discarded when field selection between these progeny 
rows was made. These tests showed that several of the reselected stocks were segregating 
for resistance to race 2B, though certain of the progeny rows within them were 
apparently homozygous for resistance, since no susceptible plants were found. There 
was only one case amongst 24 tested where the trial stock of a selection showed. 
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segregation for resistance to race 2B but all the progeny rows of the corresponding 
reselected stock were susceptible. This demonstrates that the danger of losing resistance 
from a segregating stock is low, and provided adequate checks are made, reselection 
within the original trial stock is always possible. 


DISCUSSION 


The selection methods described in this paper are not new in concept, though 
comparisons between them have seldom been reported. Trials of unselected bulks 
have been grown by many workers, with varying degrees of success. HARLAN, MAR- 
TINI and STEVENS (8) and IMMER (11) working with barley, and HARRINGTON (9) 
working with wheat, found that a reliable estimate of the value of a cross as a source 
of high yielding lines could be made from a study of the yields obtained in trials of 
unselected bulks in early generations. ATKINS and MURPHY (1) and FowrER and 
HEYNe (4) working with oats and wheat respectively have, however, failed to find any 
such relation. It is inevitable, however, that crops and crosses will not always behave 
in the same way under such scrutiny. Hybrid populations will frequently contain 
plants not fitted to their environment due to such causes as late maturity, lack of 
hardiness or disease susceptibility. Such plants may contribute little or nothing to 
the plot yield which will not therefore be of much use in assessing the possibility of 
selecting high yielding progenies from the cross concerned. It was for this reason that 
no comparison could be made between unselected bulks of the spring x winter 
wheat crosses discussed in this paper, though the winter wheat crosses were not 
restricted in this way, so that distinctions, even if only of limited value, could be made 
between them. 

A further disadvantage of the mass method of selection, whether or not yield 
trials are also involved, concerns the effect of competition between neighbouring plants 
which may, for example, result in the depletion or even in the total loss of plants with 
short straw. The problems of competition in hybrid populations of wheat is an im- 
portant one which may easily be overlooked. LAUDE and SwANSON (14) have shown 
that one variety may be almost eliminated from an original mixture of equal parts of 
two after ten years cultivation, so presumably a scarce genotype may be lost much 
sooner. CHRISTIAN and GRAY (3) have demonstrated the results of competition in 
dibbed plots between varieties differing either in seed size or date of maturity, and 
showed that under their conditions, varieties with small seed and early maturity were 
at a disadvantage. A separation of F} plant progenies from one another by selection 
at an early stage, as in the F, progeny and pedigree trial methods described in this 
paper, is therefore a sound policy. Under these systems much of the competition 
between different genotypes is avoided (except in the F, generation) although some 
competition still occurs between plants within a progeny. 

Selection schemes similar to the F, progeny and pedigree trial methods have been 
used by other workers. A scheme closely resembling the pedigree trial system was 
employed by NILSSON-EHrr at Svalöf as long ago as 1910 (NILSSON-EHLE, 18; NEw- 
MAN, 17) though the techniques of yield trial design in use at that time were much less 
precise than those available at present. A similar scheme was also used by HUTCHIN- 
SON, PANSE, APTE and PugH (10) and more recently BJAANES (2) used the F, progeny 
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system in spring wheat breeding in Norway, and HEYNE (personal communication) 
at Kansas, U.S.A, is using a similar method in order to evaluate the baking and 
milling quality of early generations of wheat hybrids, though it appears that in this 
case yield data are not obtained. The method is also discussed by FREY (5) who gives 
evidence to show that in barley the performance of F, derived lines gives a good 
indication of the performance of lines which may be selected from them. 

Preliminary reports on the work discussed in this paper were given by WHITEHOUSE 
(20) and by LuPToN and WHITEHOUSE (15). When considering the value of these 
methods of selection both theoretical and practical aspects must be borne in mind. The 
theory of selection in hybrid populations of self-pollinating crops has been approached 
from the genetical and statistical viewpoint by several authors, e.g. SAKAI (19) and 
GOULDEN (6). There is general agreement that selection in the early generations should 
be restricted to characters which are highly heritable and have therefore a high 
efficiency in selection. Conversely, selection for characters such as yield and grain 
quality should be delayed until a fair degree of homozygosity has been reached. This 
view is confirmed by GRAFIUS, NELSON and Dirks (7) who reported that selection for 
yield in the F, generation of barley crosses was ineffective due to the large environ- 
mental and nonheritable genetic variance. VAN DER KrEY. (13) indicated some 
difficulties encountered in the pedigree, the mass and the mass pedigree methods and 
suggested that selection in the early generations be limited to a few characters whose 
inheritance is controlled by simple recessive genes. Unfortunately, his selection 
scheme presumes knowledge of the mode of inheritance of a large number of characters. 
This is an ideal situation which is unlikely to be attained in the cereals, particularly 
when considering such complex characters as yield, strength of straw and milling and 
baking quality, where it is probable that polygenically controlled systems are involved. 
Even for characters such as disease resistance, in which inheritance is more likely to 
be simple, the pictureis often complicated by polyploidy so that in a particular cross 
the number of factors determining the inheritance of any character will rarely be 
known in advance. 

The F, progeny method conforms with some of the theoretical requirements of a 
selection scheme by allowing selection to be made during the F, and F3; generations 
on characters where this can be done with a high efficiency, but postpones selection 
for yield and quality until the genotypes are approaching homozygosity. At the same 
time it provides a useful guide to the progenies in which future selection should be 
concentrated. Furthermore, the information obtained from the trials may be used to 
gain some impression of the merits of individual crosses, provided sufficient selections 
from each of several crosses are included in one trial. It must be borne in mind, 
however, that initial selection may have distorted the picture obtained, but this is of 
little importance to the practical breeder who is chiefly concerned to know which of 
the selected populations is most worthy of further detailed study. 

The F‚, progeny method suffers, like most others, from some disadvantages, one 
of which is the limited number of progenies which can be handled. The available seed 
in the F‚ generation, as produced at present, usually varies from 50 to 100 grammes 
per progeny, so that large plots and many replications are not possible in the first year 
of trial. This means that if two to three hundred progenies are tested the trial tends to 
have a high coefficient of variability with consequent difficulties in demonstrating 
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significant differences. Nevertheless it is probably true that a breeder can handle more 
material by this method than by the pedigree method and still maintain close contact 
with all stages of the work. Many of the criticisms of the mass method are also 
applicable to the F, progeny method, but the initial selection and separation of the 
more promising progenies reduces the validity of some criticisms. It is also clear from 
the evidence presented that some reliance can be placed on the data obtained concern- 
ing the yield and quality of early generations since despite continued segregation, 
significant positive correlations can be demonstrated between the results obtained in 
successive years. 

From the practical aspect a selection method should combine a high efficiency with 
as small a demand as possible on time, land and labour. It is also desirable that the 
processes of selection and testing should not be prolonged unduly. The F, progeny 
method will not differ appreciably from the pedigree method in the number of 
generations involved. It is simple to operate, however, in the F4, F; and Fe generations 
since each progeny is then handled as a bulk, but in other generations as much 
attention is required as in the pedigree method. 

Some of these disadvantages may be avoided by the use of the progeny-trial method. 
In particular the continued reselection during the years of trial results in a considerable 
speeding up of the breeding programme, although this is accompanied by some 
increase in the amount of attention required by each cross. As has been noted, 
however, this acceleration of the breeding programme is necessarily accompanied by 
the risk of losing valuable characters for which phenotypic selection is not possible. 
The evidence presented, however, suggests that the risk involved is not very serious 
and is probably little greater than that involved in other systems of selection. 

It is obvious that no method of selection will be suitable for all circum- 
stances. A selection method must be adapted to the crop, to the problem under 
investigation and to the skill and experience of the breeder. Under circumstances 
where detailed examination of individual plants in each generation is needed, for 
example, it is probable that the pedigree method would be the most suitable, and the 
bulk method may be desirable where many crosses must be handled and natural 
selection in early generations would be useful. In cereal breeding, however, it is often 
found that quantitative estimates of yield and quality would be of value in the early 
stages of selection, and it is under these circumstances that the methods outlined in 
this paper should find their most useful application. 


SUMMARY 


The limitations of the pedigree and mass methods of selection in the improvement 
of self pollinating cereal crops are discussed and the value of quantitative data in the 
early generations of selection is emphasised. Two systems of selection which provide 
such data have been introduced at the Cambridge Plant Breeding Institute. 

In one, known as the F, progeny method of selection, the progenies of selected F, 
plants are grown in yield trials without further selection during F,, F; and Fe after 
which single plant selections are made within the more promising progenies. 

In the other system, known as the pedigree trial method of selection, normal 
pedigree selection is carried out in F, and F3. In the F, generation single plants are 
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selected from the better families for continued pedigree selection and within each 
of these families the remaining plants are bulked to give grain for a yield trial in the 
following year. This process is repeated in F; and F,, the grain for trial being in each 
case obtained from the progeny rows and not from the preceding trial. 

The use of these methods is illustrated by reference to wheat hybrids grown at 
Cambridge, and the data obtained is shown to be useful in comparing the value of 
different parental combinations as well as in assessing the relative merits of the 
selections within each cross. 


The authors wish to thank Dr. G. D. H. Berr, Director of the Cambridge Plant 
Breeding Institute, for his help and guidance throughout the investigations discussed 
in this paper. 


SAMENVATTING 


Onderzoekingen over de methoden bij het kweken van zelfbestuivende granen 


Ll. Selectiemethoden bij het kweken op opbrengstvermogen 


De beperkingen van de stamselectie in jonge kruisingspopulaties (F, en volgende) 
en van stamselectie in oudere kruisingspopulaties (vanaf Fe of F;) zijn besproken. De 
nadruk wordt gelegd op de waarde van opbrengstgegevens in de jonge generaties van 
kruisingen. Twee selectiemethoden, die zulke gegevens verschaffen, zijn vermeld. 

Bij de ene methode worden de nakomelingschappen van geselecteerde F, planten 
in opbrengstproeven vergeleken, terwijl men daarin niet selecteert gedurende de F,, Fs 
en Fe. Daarna wordt verdere lijnselectie toegepast op de meest belovende nakomeling- 
schappen. 

Bij de andere methode wordt lijnselectie toegepast in de F, en F3. In de F4 kiest men 
uit de beste stammen afzonderlijke planten voor voortgezette lijnselectie, terwijl de 
rest van planten van elke stam het zaad leveren voor een opbrengstproef in het volgen- 
de jaar. Dit proces wordt herhaald in de F; en F; het zaad voor de opbrengstproeven 
wordt in alle gevallen verkregen van de lijnen en niet van de oogst van de voorgaande 
opbrengstproef. 

De voor- en nadelen van deze methoden zijn toegelicht met tarwekruisingen. De 
verkregen gegevens tonen aan dat zij bruikbaar zijn zowel om de waarde van ver- 
schillende kruisingspopulaties te vergelijken als om de relatieve waarde van de selec- 
ties binnen elke kruising te beoordelen. Al naar omstandigheden zal men aan een van 


beide methoden de voorkeur geven. 


REFERENCES 


1. ATKINs, R. E., and Murry, H. C., Evaluation of yield potentialities of oat crosses from bulk 
hybrid tests. J. Amer. Soc. Agron. 41 (1949): 41-45. 

2. BIAANES, M. Undersgkelser i vârkveiteforedling (Studies in spring wheat breeding). Forskning og 
Forsgk i Landbruket (Research in Norwegian Agriculture), Oslo 2 (1951): 84139. 

3. CHRISTIAN, C. S. and Gray, S. G., Interplant competition in mixed wheat populations and its 
relation to single plant selection. J. Coun. sci. industr. Res. Aust. 14 (1941): 59-68. 

4. Fowrer, W. L. and Heyne, E. G., Evaluation of bulk hybrid tests for predicting performance of 
pure line selections in hard red winter wheat. Agron. J. 47 (1955): 430-434. 


183 


20. 


F. G.H. LUPTON AND R.N. H. WHITEHOUSE 


. Frey, K. J., The use of F, lines in predicting the performance of F3 selections in two barley 


crosses. Agron. J. 46 (1954): 541-544. 


. GOULDEN, C. H., Design techniques and testing. Report of the International Wheat-Stem-Rust 


Conference, Winnipeg, Canada. 1953, pp. 113114. 


. GRAFIUS, J. E., NELSON, W. L. and Dirks, V. A, The heritability of yield in barley as measured by 


early generation bulked progenies. Agron. J. 44 (1952): 253-257. 


. HARLAN, H. V., MARTINI, M. L. and STEvens, H., A study of methods in barley breeding. 


U.S.D.A. Techn. Bull. 720, Washington, 1940. 


. HARRINGTON, J. B, Yielding capacity of wheat crosses as indicated by buik hybrid tests. Canad. 


J. Res. 18c (1940): 578-584. 


. HUTCHINSON, J. B., ef al., Studies in plant breeding technique. III. Crop analysis and varietal 


improvement in malvi jowar (Andropogon sorghum). Ind. J. agric. Sei. 8 (1938): 131-152. 


. IMMER, F. R., Relation between yielding ability and homozygosis in barley crosses. J. Amer. 


Soc. Agron. 33 (1941): 200-206. 


. JINKS, J. L., The analysis of continuous variation in a diallel cross of Nicotiana rustica varieties. 


Genetics 39 (1954): 767-788. 


. Krey, F. K. vAN DER, The efficiency of some selection methods in populations resulting from 


crosses between self-fertilising plants. Euphytica 4 (1955): 58-66. 


„. LAUDE, H H. and SwANSON, A. F., Natural selection in varietal mixtures of winter wheat. J. 


Amer. Soc. Agron. 34 (1942): 270-274. 


. LuPron, F. G. H. and WarreHouse, R. N. H., Selection methods in the breeding of high yielding 


wheat varieties. Heredity 9 (1955): 150151 (Abst). 


. MATHER, K., Biometrical Genetics. Methuen, London. 1949. 
. NEWMAN, L. H., Plant Breeding in Scandinavia. The Canad. Seed Growers’ Ass. 1912, pp. 193. 
. NmSsSON-Enre, H., Arbetena med hvete och havre vid Svalöf under âr 1909, Sv. Utsädesf. Tidskr. 


20 (1910): 332-353. 


. SAKAI, K., (Theoretical studies on the technique of plant breeding. 1. Value of heritability in 


bulks and plant progenies of successive hybrid generations in autogamous plants). (Japanese, 
original not seen). Jap. J. Breeding 4 (1954): 145-148. 
WHITEHOUSE, R. N. H., Breeding for yield in the cereals. Heredity 7 (1953): 146-147. 


Note added in press: 
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‘“Weizenzüchtung in Europa’. 


184 


Euphytica 6 (1957): 185-188 


ON THE INHERITANCE OF SPRAIGN RESISTANCE 
IN POTATO VARIETIES 


J. TRIP 
Plant Breeding Station of the Frisian Agricultural Society, Engelum, Fr. 
Received 18 March 1957 


INTRODUCTION 


In breeding potatoes it is necessary to pay some attention to spraign. Too great a 
susceptibility to this disease would render a variety unsuitable for growing on most 
of our sandy soils. 

While it is well known that there are great differences between varieties in their 
resistance to spraign, a breeder also needs to know the mode of inheritance. 

In searching for a method which would enable us to give a more or less reliable 
assessment of each variety we have employed a cattle breeding method. There, it is the 
custom to designate bulls as “Preferent” when the daughters are better than their 
mothers ín appearance, milk production, butter-fat content of. the milk, etc. 

In this article an attempt has been made to analyse the inheritance of spraign 
resistance in the same way, although only a few data are available. 


METHODS USED 


In 1930 Dr. J. C. Dorst laid out trial fields on sandy and peat soils at Oosterwolde 
and Tietjerk-Rijperkerk, in the province of Friesland. On these soils a high degree 
of spraign attack occurred in potato crops. 

At first only the older seedling clones were planted, in plots of 20 to 50 plants. In 
more recent years the third year seedlings have also been represented, in plots of five 
plants. 

At harvest time 20 tubers of every clone were cut and assessed for spraign. For 
every unaffected tuber a score of one was given, giving a maximum possible score 
of 20. 

Varieties such as Bintje and Engelum Y 226 practically always scored 20, whereas 
Alpha and Furore often had considerably less than 10. 

The attacked tubers were grouped in three categories — viz. with slight, moderate or 
heavy attack — but in a rough survey we considered it unnecessary to make this 
distinction. Consequently we have considered here only the number of spraign-free 
tubers per 20 tubers cut. 

When, for example, one wishes to ascertain the influence of Komeet on Record, it 
is necessary to compare the seedlings from the cross Komeet Xx Record, with Record 
itself. If Record was not grown in the trial field no comparison was possible. Any 
observations of these seedlings would then have to be disregarded unless an indirect 
comparison could be made with the aid of other standard varieties. However, since 
in the same trial field spraign can display considerable fluctuations we considered 
this method too unreliable. We therefore restricted ourselves to assessing every 
seedling from the cross Komeet Xx Record by comparison with Record in different 
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years. The difference in score between a given seedling clone and Record is averaged 
over all trial fields. By applying the same procedure to all seedlings derived from the 
same cross, sets of values are obtained some of which are given below. 


This method is, of course, far from perfect. It has already been pointed out that 
spraign is not always evenly distributed over the field. Furthermore, we worked with 
only a single plot per trial field. 

The clones used had already been selected for favourable characters, and it is 
possible that there is a certain degree of linkage between these and spraign resistance. 
Thus a greater or lesser average susceptibility may have been observed had all possible 
seedlings of a cross been considered. However, this has no influence on the practical 
value of this work since plant breeders are only interested in seedlings of agronomic 
value combined with a sufficient resistance to spraign. 


TABLE 1. INFLUENCE OF ONE VARIETY ON ANOTHER EXPRESSED IN THE DIFFERENCE OF THE NUMBER OF 
TUBERS UNAFFECTED BY SPRAIGN PER 20 TUBERS CUT 


+ = favourable; — = unfavourable 
Influence 
of on 
Alpha Rode Star 17 4 3 0 +4 
Ulenborgh 12 7 
Engelum Z 2 gel As ik 
Bintje 13 4 0 0 0 0 
Bravo Alpha +5 +6 +9 +11 
Triumph Rode Star Orr 2i 6 
Rode Star Alpha 0 +2 F5 +6 
Jubileum Furore 5 +9 49 #13 
Furore Eigenheimer Á4 3 0 +Hl +2 
Engelum Y 198 0 0 0 
Industrie Orion 5 4 +6 
Ulenborgh Alpha 5 3 +9 
Craigs Defiance Furore +4 +8 +8 
Huinkel Engelum Y 226 4 A 2 0 0 
Engelum Y 226 Sirtema do 10 10 
Bevelander Furore 5 4 A +Hl +H1 
Komeet Record 15 10 O0 0 
Sirtema Saskia 5 A A —Ì Ort lee 2d 
Engelum X 49 +4 +6 +7 
Engelum Y 226 De) 0 0 
Saskia Sirtema 5 A A1 —l 0 0 Fl -H1 F2 F2 503 
Bintje Alpha 2 +5 +8 +9 +9 +10 
Katahdin Ulenborgh 7 5 A4 0 
Engelum Y 226 5 2 0 6 0 
Franschen Sirtema 6 6 A4 -—l 
Ulenborgh —6 0 +1 
Eigenheimer Furore 1 1 +5 +6 +10 
Iris Frühmölle Il 5 —5 
Herald Rode Eersteling en | 0 +2 +4 
Frühmölle Engelum V 99 6 4 0 
Record Eigenheimer ll +3 +9 
Komeet —7 O0 +1 +4 +5 +8 
Engelum CC 694 Sirtema 6 5 4 HA 
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It was assumed that it makes no difference whether a given plant is used as male or 
female parent. Thus, in order to ascertain the influence of A on B all seedlings derived 
from the crosses B x A and A Xx B have been compared with variety B. 

More data are available for the period since 1930; however, we have not considered 
them here since one or two seedlings only of these crosses were examined. The mi- 
nimum number for the sets of figures given was fixed at three, although we are aware 
that even then the sampling error may be great. 

The figures are arranged in ascending order within each set (Table 1). A brief 
examination of these data gives a direct indication that the figures for the influence 
of a given variety are greatly influenced by the other parent used. 

The results obtained allow of the following remarks: 

Alpha gives greater susceptibility in many cases, but in combination with Engelum 
Z 2 (very susceptible) a favourable influence is possible. The actual figure for the non- 
attacked tubers of these seedlings, however, still lies fairly low. In many cases no 
influence can be established on Bintje, because, like Bintje, these seedlings are not 
attacked. This favourable result can hardly be attributed to Alpha, but is due to 
Bintje. 

Bravo, Triumph, Rode Star and Jubileum in many cases may cause a reduction in 
susceptibility. 

Furore has little influence on Eigenheimer. The lack of influence on Engelum Y 198 
(resistant) is due to Y 198. 

Industrie and Ulenborgh give variable results. 

Craigs Defiance has a favourable influence in combination with Furore. 

Huinkel has a less favourable effect since the resistance of Y 226 is reduced in some 
cases. 

Engelum Y 226 gives good results. In combination with the moderately susceptible 
variety Sirtema there is a considerable increase of the number of non-attacked tubers. 

Bevelander and Komeet give a less favourable picture. 

Sirtema has little influence when combined with Saskia. But with Engelum X 49 
(very susceptible) there is a considerable improvement. Has little influence with 
Engelum Y 226. 

Saskia. Sirtema and Saskia are all moderately susceptible. Little influence. 

Bintje improves Alpha considerably. 

Katahdin gives greater susceptibility in combination with the practically resistant 
Y 226 and little susceptible Ulenborgh. 

Franschen has no very favourable influence. 

Eigenheimer has a variable influence on Furore. 

Iris and Frühmölle produced less favourable results. 

Herald exerts little influence on Engelum V 99. 

Record almost always improves Eigenheimer and Komeet. 

Engelum CC 694 (very susceptible) always gives a greater susceptibility in com- 
bination with the moderately susceptible variety Sirtema. 


CONCLUSIONS 
Although it should be emphasized that in the trials described above only few seed- 
lings and few combinations have been assessed, yet it is possible in this way to gain 
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a rough impression of the influence of the different parents (exceptions in a favourable 
or an unfavourable sense may, of course, occur). 

It seems impossible for potato breeders to face the disadvantages mentioned by 
laying out trial plots in replications. This would require too extensive and too ex- 
pensive a design. But an attempt could be made to exchange data on the subject, in 
cooperation with the S.V.P. 

It is recommended that every spraign trial field should include all the parents of the 
seedlings used in the trials. This will prove less difficult than it seems, since many 
seedlings of a single cross will often occur and, moreover, one parent plant may have 
been used in a number of crosses. 

In this way we might have many data available within a few years. The sets of 
figures given in this paper could then be extended such that more reliable conclusions 
might be drawn. 


Returning to the example of cattle breeding quoted in the introduction we would 
class as “Preferent” the varieties Bintje and Engelum Y 226 (Bintje x Record). 

The varieties Record, Craigs Defiance, Bravo, Jubileum, Triumph and Rode Star 
should be considered for further examination. The other varieties included in our 
trials produced variable or bad results in regard to the inheritance of spraign resistance. 


SUMMARY 


In evaluating a potato variety as a parent for breeding purposes use was made of 
the experience gained in cattle breeding. In order to ascertain the influence of for 
instance Komeet on Record, seedlings of the cross Komeet x Record were compared 
with Record itself. 

It was found that Bintje and Engelum Y 226 exert a favourable influence on the 
spraign-resistance of the seedlings resulting from crosses using these varieties. 

The writer suggests the collection of more data by working on a larger scale with 
the cooperation of many breeders and the Foundation for Agricultural Plant Breeding, 
in order to get a clearer perception of the value of potato varieties in breeding work 
for spraign-resistance. 


SAMENVATTING 


De mate van overerving van kringerigheids-resistentie bij verschillende aardappelrassen 


Bij de beoordeling van de betekenis van een aardappelras als geniteur werd aan- 
sluiting gezocht bij de veefokkerij. Om bijv. de invloed van Komeet op Record na te 
gaan werden zaailingen van de kruising Komeet x Record met Record zelf verge- 
leken. 

Vastgesteld werd dat Bintje en Engelum Y 226 (Bintje x Record) een goede in- 
vloed hebben op de kringerigheids-resistentie van de daaruit door kruising verkregen 
zaailingen. 

Schrijver merkt op dat het van belang zal zijn in groter verband en in samenwerking 
met de Stichting voor Plantenveredeling tot een uitwisseling van gegevens te komen 
en daardoor meer inzicht te verkrijgen in de waarde van verschillende aardappelrassen 
bij het kweken op resistentie tegen kringerigheid. 
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INTRODUCTION 


In a previous paper (3), the writer reported that there were appreciable differences 
in necrotic response and mycelial growth following inoculation with Phytophthora 
infestans between tubers of Solanum demissum derivatives possessing different genes 
for resistance. This paper presents the results of inoculation of a series of BLACK’s 
differential hosts with five strains of the fungus, in comparison with the writer’s 
differential hosts. 


FUNGUS STRAINS EMPLOYED 


In the investigations previously reported, the common strain and two specialized 
strains of Ph.infestans were employed for test purposes. Since then, however, two 
more strains have been obtained, and the following are the sources of all of the 
strains used, including previous ones. 


Strain H, (0)* The common strain found in commercial varieties of S. tuberosum. 

Strain H, (4)* Isolated in 1954 from a plant with the genetic constition Rb 
Rt. 

Strain Hs (1)* Isolated in 1954 from a plant with the genetic constitution Ra 
(R)*. 

Strain Hs, ; (1, 4)* Isolated in 1955 from a plant with the genetic constitution RaRb 
(RiRi)*. 

Strain BH, (2)* Isolated in 1956 from 1912c(16), one of BLACK’s differential 
hosts. 


METHOD OF INOCULATION 


From tubers of the varieties to be tested cylindrical blocks of tissue were stamped 
out by means of a cork borer, 20 mm in diameter and then cut crosswise approximately 
5 to 10 mm thick. The blocklets thus prepared were laid in a petri dish, 15 cm in 
diameter; one dish was able to hold as many as 30 blocklets. In that position they 
were sprayed, by means of an atomizer, with a relatively strong zoospore suspension 
of the appropriate strain of the fungus, or were inoculated with a drop of the above 
suspension by means of a pipette or a glass rod. The lid was then closed, and the 
dishes were placed in a room at about 19 °C. Approximately two days after inoculation, 


* Corresponding internationally designated races and genes. 
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different types of brown discolorations began to develop on the inoculated surfaces. 
The discrimination of resistants from susceptibles was based on the early appearance 
of discoloration, and the poor growth or the absence of an aerial mycelium. 


EXPERIMENTAL RESULTS 


Inoculation has been made repeatedly on TAKASE’s series of differential hosts, but 
in the BLACK’s series only two tubers per host were inoculated on account of scarcity 
of material. Necrotic responses of two series of differential hosts against five strains 
of the parasite are recorded in table 1. 


TABLE 1. REACTION OF THE TWO DIFFERENTIAL HOST SERIES TO FIVE STRAINS OF P. INFESTANS 


Strains of Phytophthora infestans 


Differential hosts Genotypes 
HO | H@ | B, |Ho0,9| BLD 

TAKASE _S.tuberosum OPE MK OE NO Pate el NO aki / 
Hokkai No. 17 | f Otten 7 eN OE Rb (Ri) 
Hokkai No. 10 | 3 — | 3 Ot NO Ra (R‚) 
410898 4 — | 3 — | f +0 ++ RaRb 

(RR) 

BrACK 1512c(16) 4-5b4 +4 |4-5b + | 4-Sbf’ + | b — 0 ++ | Ra 
Pentland Ace b + |b + | b + | 4b + | 4b zE | Re 
1647b (1) 4-5 — | 4-S5b — | 4-5bf’"— | 45 + |45 — | RR 
2070ab (32) 3 — | 3 — | 4-5 E45 — [3 — | R.R 
1506b (9) 4-5b — | 4-5b — | 45bf"— | 45 — | b — | RR; 
1682c (1) 4-5 — 45 — | f IO Ht [45 — | RiRs 
2070ab (31) 4b — | 45b — | 45 — 45 — | 35 — | Roks 


0 susceptible, no necrosis 

fis resistant, fibrous necrosis 

9 5 whole surface necrosed 

4: 5 partially necrosed 

3 5 considerable number of scattered pin-point 
necrotic spots 

aa whole surface extremely lightly browned 

IE 5 indistinct fibrous necrosis 


1) Neerotic responses of surface of 
tubers, two days after inoculation 


+: copious 
: intermediate 
messlieht 
—: _none 


b: 

- 

2) Growth of aerial mycelium, four Ee 
days after inoculation + 


() Proposed international designation of races and genes. 


Two days after inoculation, no symptom is recognized on tubers of S. tuberosum 
varieties, while tubers of some hybrid hosts show distinct brown necrosis on the cut 
surface inoculated with incompatible strains of the parasite. In many cases discri- 
mination between types of necrotic reaction can be noted without difficulty. 

The disease index classes employed here were the same as those used in the previous 
report (3), plants showing reading of “0” were considered susceptible, and those 
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showing indices of “3” through “5” and “f” were considered resistant. The index “f”” 
is of much importance, because this particular type of reaction is to be seen in the 
presence of gene Rb, internationally R,. 

In general, BLACK’s host series are likely to show weak and light brown necrosis, 
which however, does not necessarily mean low resistance. 

From the table it is evident that 410898, one of TAKASE’s host series, and 1682 (1), 
one of BLACK’s host series, show the same type of necrotic reaction “f” to race 1 of the 
parasite. Resistance to race 1 is known to be brought about by gene R, in the genotype 
RR. 

Differences in necrotic responses of tubers of different genotypes will easily be 
recognized in figs. l and 2. The reaction “f” consists of first appearance of brown 
coloured fibrous tissues and later emergence of aerial hyphae to a considerable degree. 
A comparison of the two figures will make it clear that 41089-8 and 1682c (1) are 
quite the same in their necrotic reactions to strains H,, H‚ and Hz. 

Needless to say, it has been previously ascertained that the necrotic reaction “Sf” 
was not labile with a little change in concentration of spore suspension. 


DISCUSSION 


In experiments previously reported (3), it was revealed that two genes, Ra and Rb, 
were responsible for the resistance to Ph. infestans in derivatives of 41089-8, the most 
popular blight resistant parent clone in Japan. Most interesting was the fact that gene 
Rb gave a weaker reaction (which was described as type “f””) than that given by gene, 
Ra, which was described as “3” or “4-5”. This inferior expression of resistance by 
gene Rb was confirmed not to be due to the modifying minor genes, but to be the 
substantial expression of gene Rb itself. 

According to the international system of nomenclature of races proposed by BLACK 
et al (1), the writer's genes, Ra and Rb, are found to be R‚ and R, respectively, in so- 
far as their specific reactions against races of the fungus are concerned. The main 
purpose of this investigation is to make sure that BLACK’s gene R, produces also the 
weak type of necrotic reaction “f” to the infection by incompatible strains of the 
parasite. Although a direct comparison of TAKASE’s Rb with BLACK's R‚ can not be 
made, because of the lack of BLACK’s R4 type, information so far available apparently 
indicates that BLACK’s R, gene, behaving exactly like TAKASE's Rb, confers a weaker 
resistance than R‚ and other genotypes do. R, and R3 types showed less resistance to 
race O and race 4 than other genotypes do, showing a considerable amount of aerial 
mycelium. A further study, however, will be necessary to learn if those inferior 
expressions are associated with major genes themselves or are merely due to minor 
genes or changes in physiological conditions. 

In another experiment (2), it was disclosed that when artificially inoculated with 
a heavy zoospore suspension of races of the fungus, leaves of plants carrying R, gene 
showed a tendency to develop somewhat progressive disease lesions; disease lesions 
of this type were rarely discovered on plants of R‚ and R‚R, types. 

Accordingly it may be concluded that the gene R‚ gives as weak resistance to leaves 
as it does to tubers. This, in turn, might explain an increasingly spreading distribution 
of race 4 of P. infestans in comparison with other races. 


Fol 


NOBORU TAKASE 
SUMMARY 


(1) The previously established fact that TAKASE's gene Rb, internationally R,, 
conferred a weaker resistance than that conferred by gene Ra, internationally R,, was 
ascertained with BLACK’s gene R‚, especially on tubers. 

(2) It was disclosed by careful examination of necrotic responses that BLACK’s gene 
R‚ is identical with TAKASE’s gene Rh, not only in respect to its specificity to races 
of the fungus but also as concerns inferior reaction. 
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S. tub. 


Hokkai No. 17 


Hokkai No. 10 


410898 


Race 0 Race 4 Race 1 


FIG. 1. REACTION OF TAKASE'S HOST SERIES TO THREE STRAINS OF THE FUNGUS. 
Note variety Hokkai No. 17, R4 type, showing particular type of necrosis “f”’ against either 
strain, (O) and (1), and clone line 41089-8, R, R4 type, showing the same “Sf” reaction to 
strain (1) 


FIG. 2. 

REACTION OF TUBERS OF BLACK'S RyR4 TYPE 
1682c(1), TO THREE STRAINS OF THE FUNGUS. 
Note it gave the same ““f”’ reaction to strain il 
(1) which clone 41089-8 did as seen in fig. l en 


Race 0 Race 4 Race 1 
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THE CREATION OF TETRAPLOID BEETS. V. 


CYTOLOGICAL INVESTIGATIONS ON C,-BEETS 


D. KLOEN and G. J. SPECKMANN 
Foundation for Agricultural Plant Breeding, Wageningen 
Received 15 Febr. 1957 


INTRODUCTION 


In previous publications (1, 2) it was stated that from commercial seed of seven sugar 
and fodder beet varieties tetraploid beets were obtained by examining cytologically the 
somatic tissues of the C, and the C‚ generation twice prior to flowering. 

The resulting C‚ generation was tested for its valuable qualities in the field. 

In building up polyploid sugar beet and fodder beet varieties attention should be 
paid to maintaining the purity of the material with reference to the chromosome num- 
bers. During the cytological examination it appeared that triploids may occur. Al- 
though these are highly sterile it is not excluded that these triploids may lead to the 
occurrence of diploids in the following generation. LEVAN (4) counted in the F, the 
chromosome numbers of 3 X Xx 3 X crosses and found them to vary between 18 and 
45, with almost all transitional values. This variation should therefore be allowed for. 

VON ROSEN (6), in 1949, reported the phenomenon of break down as a consequence 
of irregularities in the formation of EM C’, and P M Cs, whereby plants with a lower 
chromosome number originate from polyploid beets. Although this writer later report- 
ed only that this phenomenon occurred less frequently than it had at first appeared 
from preliminary investigations, yet the possibility of the occurrence should be borne 
in mind. 


Fi. 1. TETRAPLOID FAMILIES 
IN ROWS. VARIETY VA 


193 


D. KLOEN AND G.J. SPECKMANN 


Fig. 2. SEED PRODUCTION OF 
TETRAPLOID FODDER BEETS. 
VARIETY VD 


de 


RASMUSSON (5) investigated the tetraploid families for a number of generations and 
established that improvement in quality occurred in the polyploid material in the first 
five generations. In view of this fact he pointed to the possibility of the improvement 
being a consequence of stabilization in the cell division processes. 

At breeding establishments where diploid beet varieties are grown next to polyploid 
varieties a careful isolation should prevent monoploid pollen from contaminating the 
polyploid material. 

At the S.V.P. this danger is restricted to a minimum since only tetraploid plants are 
being multiplied (Figs. l and 2). 

The above-mentioned reasons, in addition to the possibility of technical errors, make 
it desirable to continue cytological examination in later C-generations in order to keep 
the material pure. 


MATERIAL 


Before the tetraploid material was planted in the field the young leaves had been 
examined cytologically four times, so that the greater part is tetraploid. 

Based on the results of the trial field two categories are made, viz. high yielding 
families and low yielding ones. 

Simultaneously with the laying out of the trial field itself, seed of every family is 
sown in a reserve field. By taking a planting distance of 25 cm well-shaped roots are 
obtained. 

In June attention is paid to the foliage, by marking a number of plants from every 
family which agree with the tetraploid type, thus reducing the chance of aneuploids 
being retained. In autumn the beets of the best families are placed in pits and the next 
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year they are planted for seed production, each family in an isolated field. They are 
examined cytologically prior to flowering and seed is harvested only from plants which 
have tetraploid cells. The methods are discussed in a previous publication (3). 

Beets from the best families are planted for crossing purposes in order to ascertain 
which tetraploid X tetraploid and which tetraploid Xx diploid crosses offer the best 
possibilities. These beets are examined cytologically prior to flowering. This point will 
be discussed in a later publication. 


RESULTS 


In the following table the results of the cytological examination of the C,, which 
was carried out prior to flowering, are included. It is shown in table 2 how far the 
selection has led to improvement of the material with reference to the tetraploid stage. 


TABLE |. CYTOLOGICAL EXAMINATION OF C,-BEETS 


Family ee Number 4 n Number non-4 n 
SKA DER Ae 270 249 21 
SNE EE rn AESP 232 215 WA 
NAE Td 274 251 23 
VIR Mee ta DE 389 348 41 
NVOG eren ene M 306 374 32 
NOD MEE OR AND renhe AL 495 452 43 


When the percentage of tetraploids is compared with the C‚ from which the exa- 
mined C‚-beets were derived, the following figures are obtained: 


TABLE 2. PERCENTAGE 4 _N 


Family (GR (Ca % 
SNr AN ER 86.4 92.2 
SN 85.4 9257 
eee 88.3 91.6 
VIB NA ND 85.7 | 89.5 
VErnre ee 71.4 89.5 
VDS Edele en 90.4 91.3 

Mean 86% Mean 90 % 


From table 2 it appears that in the Ca high percentage of tetraploids is found ; how- 
ever, another 10 % of the material consists of non-tetraploids, e.g. aneuploids and some 
triploids (Fig. 3). 

Only once was a diploid beet encountered in the Cs, viz. in the SY family, but it was 
rejected prior to flowering. 

From the trial field results obtained the best families were chosen and planted in 
isolated fields. When the origin of these families was ascertained, the percentage of 
tetraploids in the C, and C‚ could be established. 
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Fig. 3. CHROMOSOMES OF A TRIPLOID SUGAR BEET, STAINED WITH ORCEIN 


From the sugar and fodder beet seed treated with colchicine in 1950, 66 good C‚- 
families were obtained in 1953, 1954 and 1955. The composition of these families 
was as follows: ' 


Number of beets Number of tetraploids % tetraploid 
| | 
(& 252 125 | 49.6 
(EA | 329 275 | 83.6 


The percentages of tetraploid families of fodder beets obtained in 1955 from the 
C-treatments of 1951 and 1952 were as follows in the 34 families. 


Number of beets | Number of tetraploids % tetraploid 


el | 241 171 | 70,9 
en | 519 480 | 92.5 


The percentage of tetraploids in the C, of the material treated with colchicine in 
1951 and 1952 is higher than that of the material treated in 1950, since in 1951 and 


1952 only seed was harvested from plants which when examined cytologically had 
tetraploid cells (2). 
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SUMMARY 


The tetraploid C‚ material obtained at the S.V.P. was sown in a trial field and from 
the results obtained only the best sugar and fodder beet families were used for further 
breeding work. 

Furthermore beets from this material were destined for crossings with tetraploid 
varieties and also with diploid material. 

The C‚ material should be kept pure by cytological examination. 

Impurity may be caused by monoploid pollen, by the occurrence of disturbances 
during meiosis or by technical errors. 


SAMENVATTING 
Het verkrijgen van tetraploide bieten. V. Cytologische controle van Cy-bieten 


Het door de S.V.P. verkregen tetraploid C‚-materiaal wordt op een proefveld uitge- 
zaaid en op grond van de verkregen resultaten worden alleen de beste suiker- en voeder- 
bietenfamilies voor verder veredelingswerk gebruikt. Verder worden hiervan bieten be- 
stemd voor het maken van kruisingen van de tetraploide rassen-en voor het kruisen met 
diploid materiaal. 

Door cytologisch onderzoek moet het C‚-materiaal zuiver tetraploid worden gehou- 
den. Afwijkingen kunnen worden veroorzaakt door het deelnemen aan de bestuiving 
van monoploid stuifmeel, het optreden van storingen tijdens de reductiedeling en door 
fouten van technische aard. 
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Genetics in plant breeding. Report of Symposium held May 21 to 23, 1956. 
Brookhaven Symposia in Biology 9 (1956) 236 pp. $ 1.25. 


Symposia hebben vaak de aantrekkelijkheid dat een algemeen overzicht wordt 
gegeven over facetten van een bepaald onderwerp. Het verslag van de gehouden voor- 
drachten en daarop gevolgde gedachtenwisseling over het thema Genetics in plant 
breeding is zeer waardevol. De aandacht is gevestigd op moderne methoden bij de 
plantenveredeling, zoals het overbrengen van roestresistentie van de ene soort op een 
andere, polyploidie-veredeling, het gebruik van mannelijke steriliteit, het opwekken 
van mutaties, de oorsprongsgebieden als bron voor de kweekarbeid. 

Voor een billijke prijs een schat van gegevens. 


HANSON, A. A. and CARNAHAN, H. L., Breeding perennial forage grasses. 
U.S.D.A. Technical Bulletin 1145 (1956) 116 pp. U.S.Government Printing Office, 
Washington 25, D.C., 40 cents. 


Deze brochure geeft een goed overzicht van de zeer uiteenlopende doelstellingen bij 
de grassenveredeling, waarbij uit de literatuur de voor de kwekers belangrijkste gege- 
vens zijn vermeld. Naast resistentie tegen ziekten, insecten en ongunstige klimatolo- 
gische factoren worden problemen als concurrentievermogen en smakelijkheid be- 
sproken. Verder wordt biezondere aandacht geschonken aan de verschillende ver- 
edelingsmethoden en aan technische biezonderheden betreffende isolatie, castratie, 
beoordelingsmethoden en proefveldaanleg. 

Ofschoon alleen literatuur in de Engelse taal is gerefereerd, bevat het boekje ook 
voor Nederlandse grassenkwekers een schat van gegevens. 


HOoGEN EscH, J. A, NIJDAM, F. E. and SIEBENEICK, H., Dutch Potato Atlas. Veen- 
man & Zonen, Wageningen. 1955. Sh 69/- or U.S. $ 9.50. 


In this Atlas have been recorded all the characteristics of each variety which research 
and practical experience have shown to be important. 

With the exception of some less important older varieties and a few varieties only 
recently introduced, the 46 varieties, described and illustrated in the Potato Atlas, 
include all those of which Dutch-grown seed is available. 

It is proposed to issue each year supplements covering new introductions appearing 
in the Netherlands Descriptive List of Varieties of Field Crops. 

The first Supplementary pages of the Dutch Atlas give descriptions and coloured 
plates of the varieties Climax, Majestic, Maritta, Prefect and Tedria. 

Veenman & Zonen, Wageningen, 1957. f 6,75. $ 2. — 


HOGEN EscH, J. A. en ZINGSTRA, H., Geniteurslijst voor aardappelrassen (List 
of potato parent stocks). Wageningen, 1957. 147 pp. f 2,50. 


This booklet contains descriptions of 400 potato varieties from many parts of the 
world. The classification is alphabetical. As the name “List of parent stocks” indicates 
the booklet is intended as a guide to the breeders in their choice of potato varieties to 
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be used in crossing work. The good and the bad characters of the material at hand are 
mentioned. 

The booklet also treats the way seedling testing is organized. 

A tabulated survey of the qualities of the most important varieties enables the 
reader readily to find what he is looking for. 


SANCHEZ-MONGE PARELLADA, ENRIQUE, Catalogo Genetico de Trigos Espafioles. 
Publicaciones del Ministerio de Agricultura. Monogr. 8. Madrid. 1957, 920 pp., 
92 figs. 


Deze met de “Premio Nacional de Investigation Agraria 1955” bekroonde mono- 
grafie geeft rasbeschrijvingen van een groot aantal in Spanje verbouwde tarwerassen 
(vulgare + spelta: 233 rassen, durum: 105, turgidum: 20, polonicum, dicoccum en 
monococcum: 15) met determinatie-tabellen ter bepaling van soort en ras. De be- 
schrijving omvat zowel morfologische als landbouwkundig belangrijke kenmerken, 
terwijl gegevens met betrekking tot de resistentie tegen ziekten, plagen en adverse 
uitwendige omstandigheden worden vermeld. Tal van foto’s illustreren de tekst. 

De beschrijvingen worden voorafgegaan door een hoofdstuk waarin is omschreven 
en door illustraties verduidelijkt op welke kenmerken speciaal is gelet. 


SCHWANITZ, F., Die Entstehung der Kulturpflanzen. Springer-Verlag, Berlin, 
Göttingen, Heidelberg. 1957. 151 Seiten. D.M. 7.80. (Sammlung Verständliche 
Wissenschaft, Band 63). 


In de loop der jaren zijn verschillende boeken verschenen over het ontstaan van de 
cultuurplanten. Hieruit is af te leiden dat dit onderwerp in ruime kring belangstelling 
geniet. Het is te verwachten dat SCHWANITZ’ boek velen zal boeien. 

Het eerste gedeelte (blz. 1-52) is gewijd aan het thema van wilde plant tot cultuur- 
plant, terwijl in het 2e gedeelte (blz. 52-142) in het bijzonder de erfelijke grondslag 
voor het ontstaan van cultuurplanten behandeld wordt. 

Dit boek is rijk aan voorbeelden en keurig verzorgd. 


Symposium on Genetics and Plant Breeding in South East Asia, New Delhi, 
India. 1957. 


Het gestencilde verslag van dit in januari 1957 gehouden symposium bevat de 18 ge- 
houden voordrachten. Bij de artikelen is een literatuurlijst vermeld. Behandeld werden 
o.a. aardappelveredeling in Z.O.-Azië, tarwe- en gerstveredeling, droogteresistentie, 
ziekteresistentie, het rassensortiment van land- en tuinbouwgewassen in Z.O.-Azië, 
de betekenis van de invoer van cultuurplanten in Z.O.-Azië. 


WALKER, J. CH., Plant Pathology. 2d Edition. McGraw-Hill Book Company, 
New York, Toronto, London. 1957. 726 pp. $ 10.—; 75 s. 


WALKER’s Plant Pathology behoort tot de leidinggevende handboeken op het ge- 
bied van de plantenziekten. Het is verheugend dat een 2e editie is verschenen. WALKER 
heeft in de loop der jaren getoond grote belangstelling te bezitten voor de erfelijkheid 
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van de ziekteresistentie en voor het kweken op ziekteresistentie. Het behoeft dus niet 
te verwonderen dat het laatste hoofdstuk (blz. 677-692) daaraan is gewijd. 

Tal van ziekten worden afzonderlijk behandeld, terwijl telkens een literatuurlijst is 
toegevoegd. Een groot aantal foto’s en tekeningen sieren de tekst. 


NOTES 


DEATH OF A MEMBER OF THE EDITORIAL BOARD OF EUPHYTICA 

On 11 May 1957 Pror. DR. G. HOUTZAGERS passed away. In his lifetime he was a professor of the 
Agricultural University, Division of Silviculture and Forest Protection in the temperate zone. 

Pror. HOUTZAGERS wrote some articles on Forest genetics and poplar breeding in Euphytica 1 
(1952): 10-14, 161-164. 

His significance for forest tree improvement was described in details in the survey by DR. H. VAN 
VLOTEN in Euphytica 6 (1957): 14-17. 

The Editorial Board of Euphytica will mis PROF. HOUTZAGERS’ contributions to Euphytica, his 
scholarly advice and his counsel at our meetings. 


APPOINTMENT OF A NEW DIRECTOR OF THE FOUNDATION FOR AGRICULTURAL PLANT BREEDING AT 
WAGENINGEN 

Dr. F. E. NIJDAM was appointed Director of the Foundation for Agricultural Plant Breeding at 
Wageningen on 1 June 1957. Formerly he was Acting Director of the Institute for Research on Va- 
rieties of Field Crops and Head of the Division for botanical research (newness of varieties, for which 
a demand for registration has been submitted to the Board for the Plant Breeder’s Right, description 
and identification of varieties). 

He succeeded Pror. pr. J. C. Dorst who has asked to be relieved from his office as Director of 
the Foundation in connection with his activities as professor and director of the Institute of Agri- 
cultural Plant Breeding. However, PRoF. DoRsT has not relinquished his interest entirely because he 
has now become an Advisory Member of the Board of the Foundation for Agricultural Plant 
Breeding. 


ERRATUM 


In Euphytica 3 (1954) page 191 it is indicated in figure 2 that the blue pea Rondo CB has been 
obtained from the cross Corona XxX R 305. This is incorrect; Rondo CB has been obtained from the 
cross Unica X R 305. 

The mistake can be rectified by connecting Xx R 305 with Unica and erasing the connection with 
Corona. 


In the book review JENSMA, J. R., Cabbage varieties/Sluitkoolrassen (Euphytica 6, 1957, p. 96) 


we mentioned that 150 varieties were described. This is incorrect; a description of 69 varieties is 
given. Please change on p. 96 the number 150 in 69. 
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_ PLANT BREEDING ABSTRACTS 


A quarterly journal containing abstracts of current literature throughout the world. 
All publications having a direct or indirect bearing on the breeding of economic plants 
are mentioned. A special feature of Plant Breeding Abstracts is that works published in 
the more unfamiliar languages are abstracted. extensively, including those written in 
other scripts such as Russian, Japanese, Chinese and Arabic. The last volume contained 
abstracts, in English, of articles written in 33 different languages. There are also sections 
devoted to notices of new books and periodicals. ; 


Plant Breeding Abstracts is produced and edited by the Commonwealth Bureau of Plant 
Breeding and Genetics, School of Agriculture, Cambridge, England, on behalf of the 
Commonwealth Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Subscription rates are 70s. per volume (with subject index). Orders may be 
placed through booksellers or sent to: COMMONWEALTH AGRICULTURAL 
BUREAUX, CENTRAL SALES BRANCH, Farnham House, Farnham Royal, Nr. Slough, 
Bucks, England. 


Netherlands Journal of Agricultural Science 


Quarterly Journal edited by: 
KONINKLIJK GENOOTSCHAP VOOR LANDBOUW WETENSCHAP 


Some papers published in Volume il (1955) and IV (1956) or forthcoming in Volume V (1957): 
Agricultural population pressure in Europe. 
Significance of some characteristics of egg production in breeding utility breeds 
of poultry. 
Influence of calcium and other elements on the fructification of the peanut. 
Proceedings of the informal meeting on physics in agriculture, Wageningen, 1955. 
The organisation of native agriculture in the Belgian Congo. 
Some factors in connection with heating of hay. 
Effect of the mineral nutrition of potato plants on the biochemistry and the 
physiology of the tubers. 
Grass tetany in grazing milking cows. 


Annual subscription price: 16 Dutch guilders (£ 1.10 or $ 4.25). 
The journal is issued four times a year in annual volumes of about 300 pages. 


All inquiries regarding the journal and requests for specimen copies should be addressed to: 
Ir. A. EVERS, Postbox 33, Wageningen, Holland 
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